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(54) Antibacterial penem derivatives

(57) The present invention provides certain intermediates for penem derivatives of the general formula |
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in which R represents a hydrogen atom or a carboxyl esterifying group, R" represents certain unsubstituted and
substituted aromatic and heterocyclic groups and R? represents a hydrogen atom, or an unsubstituted or substituted
alkyl, cycloalkyl or aryl group.

The compounds of formula | and salts thereof may be used in the treatment of bacterial infections in man and
other animals.

The intermediates are of formula
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where R'is Cl, Br or a thioester group.
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SPECIFICATION
Antibacterial penem derivatives

5 The present invention relates to penem derivatives, to a process for their preparation, to pharmaceutical
preparations comprising them, and to intermediates for use in the preparation of substances having anti-
bacterial activity and/or -lactamase inhibitory and/or inactivating activity.

The term “penem’”’ is used herein to denote the following structure:
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Certain penem derivatives having a substituted oxy group at the 2-position and a 1-hydroxyethyl group
at the B-position are described and claimed in our U.K. Patent Specification No. 2,102,798A. These com-
pounds have antibacterial and/or B-lactamase inhibitory properties. The present invention is based on the
20 observation that the effect of such compounds on oral administration can be enhanced by acylation of
the 1-hydroxy group.
Accordingly, the present invention relating to a compound the general formula |

e}
2 R -C-0 .,
\ 5!
CH3 - CH S
8 6 l 2_or! I
7 /
30 0// y 2

COOR

in which R represents a hydrogen atom or a carboxyl esterifying group, R' represents a phenyl, naphthyl,
35 thienyl, pyridyl, quinolyl or isoquinoly! group bonded at a ring carbon atom to the oxygen atom attached
to the 2-position of the penem ring structure, a group R being unsubstituted or substituted by one, two
or three substituents, which may be the same or different, selected from halogen atoms and —OH, —NH,,
-NO,, —CN, —N,, R3—, R*0—, R*S—, R*=S0~, R*~50,~, R3—~CO-, Rs0-CO—, R:—CO-0—, H,N-CO—,

g2 R3 R3 R3 r3
AN AN
N-, N-, N-CO-, N-co-, N-CO-NH-,
/ 3'/ 3
H R H R H
Rr3 H R> Rr3
N~-CO-NH-~, N-co-0-, N-CO-0-, N-Co-0-,

3

ors 3 -
R™-CO-NE-, NHZ-CO—NH—, R —SOZ~NH-, th-Soz—NH—, HZN-SOz-,
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HoN rR3r3'n R3r% r?
AN N
C = N-, /c = N-, C = N-, N=50,-,
5 HyN HyN R3/ H 5
—CF,, —SCF,, —SOCF,, —S0,CF, and HO- CO-groups, in which R3, R¥ and R¥ each represents an alkyl
group having from 1 to 4 carbon atoms, R%, R® and R? being the same or different, and R? represents
10 (i) a hydrogen atom, or 10
(i} a straight or branched chain alkyl group having from 1 to 15, for example 1 to 9, preferably 1 to 7
and, especially 1 to 5 carbon atoms, and which is unsubstituted or is substituted by one or more substi-
tuents, which may be the same or different, selected from the following:
a) alkyl, alkenyl and alkynyl groups having up to 4 carbon atoms;
15  b) cycloalkyl and cycloalkenyl groups having from 3 to 7 carbon atoms; 15
c) aryl groups, which may be unsubstituted or substituted by one or more substituents, which may be
the same or different, selected from alkyl, alkylthio and alkoxy groups having up to 4 carbon atoms;
halogen atoms, trifluoromethyl groups; cyano groups; carboxyl groups; groups of the formula —~COOR*
in which R« represents an alkyl group having up to 4 carbon atoms; amido and sulphonamido groups;
20 groups of the formula 20
R6
-N
\Rs
25 in which Rs and Re, which may be the same or different, each represents a hydrogen atom or a group 25
—COR¢4, —SO,R¢ or R¢, in which R¢ is defined as above;
d) trifluoromethyl'and 2,2,2-trifluoroethyl groups;
e) halogen atoms,
f) free hydroxy groups and substituted, for example, protected hydroxy groups, for example, altkoxy
30 groups having up to 4 carbon atoms and aryloxy groups in which the aryl moiety may be substituted as 30
defined in c) above, acyloxy groups of the formula R2CO,~ and acyl groups of the formula R2CO—, in
which R? is as defined above;
g) cyano and azido groups; and
h) amino groups and groups of the formula
35 33
RS
-N,
~rS5
40 in which Rs and Re are as defined in ¢ above; or : 40
{iii) R? represents a cycloalkyl group which may be unsubstituted or substituted as defined above for an
alkyl group R?; or '
(iv) R? represents an aryl group which may be unsubstituted or substituted as defined in (c) above.
The invention also provides salts of a compound of formula |, especially physiologically tolerable salts
45 thereof. 45
The stereochemistry at positions 5, 6 and 8 can be R or S independently (R and S being as defined by
the Cahn-Ingold-Prelog system of nomenclature). The preferred stereo-chemistry at position 5 is R, at
position 6 is S, and at position 8 is R.
The present invention also provides a process for the production of a compound of the general for-
50 mula | or a salt thereof, which comprises reacting a compound of the general formula il 50
HO H ,
CH. — CH ————————r s
3 1
55 / OR II 55
e |
°© OOR
in which R and R' are as defined above, with an acylating agent comprising the group Rz, and, if desired,
60 carrying out any one or more of the following steps in any desired order: 60

a) converting an ester of formula | into the corresponding free acid,

b) converting a free acid of formula | into an ester thereof,

¢} transesterifying a compound of formula [,

d) converting a free acid or an ester of formula | into a salt, or a salt into the free acid, an ester, or
65 another salt,

65
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) removing any protective groups present other than an esterifying group R,
f) converting a group R? into another group Rz,

g) converting a substituent of a group R' into another substituent of R*, and
h) converting a substituent of a group R? into another substituent thereof.

5 The acylating agent comprising the group
0]

"
R?—C—

is for example, an acylating agent of the formula

10 R:COBr, R2COCI or (R2C0),0 in which R? is defined as above.

The acylation reaction is generally carried out in an inert, aprotic solvent, for example, tetrahydrofuran,
toluene or methylene dichloride, and at a temperature within the range of from —40 to +70°C, preferably
from 0 to 20°C.

The reaction is preferably carried out in the presence of a base, for example, an inorganic base, a ter-

15 tiary amine or a heterocyclic base having a pK, < 15, preferably from 5 to 9. Examples of bases are
triethylamine, pyridine, substituted pyridines, for example, 4-dimethyl-aminopyridine, and imidazole. The
amount of base used is generally 1 equivalent per equivalent of acylating agent. 4-Dimethylamino-pyri-
dine may be present in a catalytic amount, in addition to another base.

The term “lower’” as used herein denotes a molecule, group or radical having up to 4 carbon atoms.

20 Unless stated otherwise, halogen atoms are fluorine, chlorine, bromine and iodine atoms. The term
“known" means in actual use in the art or described in the literature of the art.

R' may represent, for example, an unsubstituted phenyl group or a phenyl group substituted by a
chiorine, fluorine, trifluoromethyl, methyl, methoxy, nitro, cyano, amino, hydroxy, acetoxy, methylthio,
methylsulphinyl, methylsulphonyl, methylcarbonylamino, methylsuiphonylamino or methylaminocarbon-

25 ylamino group, especially a hydroxy, acetoxy, cyano, methylsulphinyl or methylsulphonyl group. R* may
also represent a phenyl group substituted by more than one group, for example, by two or three methyl
or methoxy groups. A heterocyclic group R* may also carry up to three substituents, for example, one or
two methyl groups, preferably at ring carbon atoms.

A group R, especially a phenyl or thienyl group, is preferably substituted by one, two or three substi-

30 tuents, which may be the same or different, selected from halogen atoms, especially fluotine atoms; cy-
ano groups; and lower alkylsulphinyl and lower alkylsulphonyl groups, especially methylsulphinyl,
ethylsulphinyl and methylsulphony! groups. Preferably only one substituent is present.

It will be appreciated that the choice of substituents for R* may be subject to considerations of stereo-
chemistry and also of possible interactions between the substituents themselves and other parts of a

35 molecule in which R! is present, for example, R may have 1, 2 or 3 substituents, but not more than one
should be selected from

a) —OH and —NH, groups and not more than one should be selected from

b} -CN, -NO,, R:-CO-, R*0-CO-, R*-S0-and R3- SO,-groups. (Other substituents may, of course, be pres-
ent on R in addition to a group selected from a) and/or a group selected from b).)

40 The expert will be aware of any restrictions on the choice of substituents, as such restrictions are
known in the art. R? preferably represents a hydrogen atom; an alkyl group having up to 5 carbon atoms,
especially a methyl or pentyl group; a trifluoromethyl group; a {C,-C,)-alkoxy-(C,-C)- alkyl group, prefera-
bly a methoxy-(C,-C4)-alky! or ethoxy- (C,-C;)-alkyl group, and especially a methoxymethy!l or ethoxyme-
thy! group; a phenoxy-(C,-Cs)-alkyl group, especially a phenoxymethyi group; a (C,-C;)-cycloalkyl group,

45 especially a cyclopropy! group; a (C;-C,)-cycloatkyl-(C,-C,}-alkyi group, especially a cyclopentylmethyl
group; an amino-(C,-C)-alkyl group, especially an aminomethyl group; a phenyl group which may be
substituted by one of the substituents defined above, especially a tolyl group or a chlorophenyl group, in
particular a 4-chlorophenyl group or a benzyl group.

An esterified carboxyl group -COOR is, for example, an ester formed with an unsubstituted or substi-

50 tuted aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aryl, araliphatic, heterocyclic or heterocyclic-ali-
phatic alcohol having up to 20 carbon atoms or is, for example, a silyl or stannyl ester.

An aliphatic group R is, for example a straight or branched chain substituted or unsubstituted alkyl,
alkeny! or alkynyl group having up to 18 carbon atoms, preferably up to 8 carbon atoms, and especially
up to 4 carbon atoms, for example, a methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, isobutyl, tert-

55 butyl, n-pentyl, n-hexyl, allyl, or vinyl group.

An aliphatic group R, especially a methy! group, may be substituted by a cycloalkyl, aryl or heterocyclic
group, for example, a pyridylmethyl group, or R may itself represent a cycloalkyl, aryl or heterocyclic
group. -

A cycloaliphatic group R may have up to 18 carbon atoms and is, for example, a cyclopentyl, cycloh-

60 exyl or adamantyl group. An aryl group R may have up to 12 carbon atoms and may have two or more
fused rings. An aryl group R is, for example, an unsubstituted or substituted phenyl group, and an un-
substituted or substituted aralky! group is, for example, a benzyl, p-nitrobenzyl or benzhydryl group.
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A heterocyclic group R may have one or more, preferably one to three, heteroatoms, which may be the
same or different, selected from oxygen, nitrogen and sulphur, and up to 14 atoms in total. A hetero-
cyclic group is, for example, an oxygen-containing heterocyclic group, for example, a tetrahydropyrany!
or phthalidyl group.
5 A stannyl group R may have up to 24 carbon atoms, for example, R may represent a stannyl group 5
having three substituents, which may be the same or different, selected from alkyl, alkenyl, cycloalkyl,
aryl, aralkyl, atkoxy and aralkoxy groups, for example, alkyl groups having up to 4 carbon atoms, for
example, n-butyl groups, phenyl and benzyl groups, especially three n-butyl groups.
A silyl group R has three substituents on the silicon atom and preferably up to 24 carbon atoms in
10 total. The three substituents may be the same or different, and selected from alkyl, alkenyl, cycloalkyl, 10
aryl and aralky! groups, preferably selected from alkyl groups having up to 4 carbon atoms and phenyl
groups, especially selected from methyl, &-butyl and pheny! groups. Preferred silyl groups are trimethyl-
silyl, diphenyl-t-butylsilyl, and dimethyl-t-butylsilyl groups.
Any group R that is capable of substitution may be substituted. Examples of substituents are halogen

15 atoms; HO-, R:0-, R3CO-, R*0-CO-,R3$-CO-, R*-CO-S-, H,N-CO, H,N-CO-0O-, R3 R'.': 3 15
NK-CO-,  H~CO-, N-CO-2-,
H R H
R:-CO-O-, R® L
20 N-CO-0-, =HO,, ~CH, ~Ng, R3-co-dH-, Ro-co-n" 20
3 3 S3
R R R
: ~ ~
H M-, N- N-,
g Y
25 25
R3-S0-, RSO, Ar Ar Ar
= =2 . | :
w P o )
30 30

Rs-S0,-NH-, Ar, ArO-, ArO-CO-, ArS-CO-, Ar-CO-0-, Ar- CO-S-, Ar-R30-CO-, Ar-R3§-CO-, Ar-R3-CO-O-, Ar-Rs-
CO-S-, Ar-R30-, Ar-R3S-, in which R? and R* are as defined above, and Ar denotes an aryl group, espe-
cially a phenyl group; aromatic and non-aromatic heterocyclic groups, for example, having one or more
heteroatoms, for example, up to 3 heteroatoms, which may be the same or different, selected from nitro-

35 gen, oxygen and sulphur atoms, and preferably up to 14 atoms in total, and the corresponding heterocy- 35
clicoxy groups and heterocyclichtio groups. When R represents other than an aliphatic group, a further .
possible substituent is a lower alkyl group.

The group R may be removable by hydrolysis, by photolysis, by reduction or by enzyme action to give
the free acid, or twwo or more methods may be used, for example, reduction followed by hydrolysis. A

40 group R that may be removed readily without substantial degradation of the rest of the molecule is par- 40
ticularly useful as a carboxyl protecting group. Examples of esters that are readily split by reduction are
arylmethy! esters, for example, benzyl, p-nitrobenzyl, benzhydryl and trityl esters. Reduction of an ester,
for example, an arylmethyl ester, may be carried out using hydrogen and a metal catalyst, for example, a
noble metal, for example, platinum, palladium or rhodium, which catalyst may be supported, for example

45 on charcoal or kieselguhr. 45

Alternatively, a p-nitrobenzyl ester may be converted to the free acid by a two-step method, with an
initial reduction of the nitro group, followed by hydrolysis. The nitro group may be reduced by noble
metal catalysed hydrogenation, for example, using platinum, or palladium on carbon, or by a metal re-
ducing agent, for example, zinc in acetic acid. Other metal reducing agents are, for example, aluminium

50 amalgam, and iron and ammonium chloride, see, for example, British Patent Specification No. 1,582,960. 50
Reduction of the nitro group is followed by hydrolysis which may occur in situ during reduction of the
nitro group or which may be carried out subsequently by treatment with an acid or a base. An o-nitro-
benzyl ester may be converted to the free acid by photolysis.

A stanny! ester, for example, a tri-n-butyl stannyl ester, may be split readily by hydrolysis, for example,

55 by solvolysis, for example, using water, an alcohol, a phenol or a carboxylic acid, for example, acetic 55
acid.

Certain ester groups may be split off by base hydrolysis, for example, acetylmethyl and acetoxymethy!
ester groups.

There may be used an esterifying group that is removable under physiological conditions, that is to

60 say, the esterifying group is split off in vivo to give the free acid or the carboxylate, for example, an 60
acyloxymethy! ester, e.g. an acetoxymethyl or pivaloyloxymethyl ester, an aminoalkanoyloxymethyl es-
ter, for example, an L-glycyloxymethyl, L-valyloxymethyl or L-leucyloxymethyl ester, or a phthalidyl ester,
or an optionally substituted 2-amino-ethyl ester, for example, a 2-diethylaminoethyl or 2-{1-morpholino)-
ethyl ester.
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Preferred esters are the p-nitrobenzyl, phthalidyl, pivaloyloxymethyl, acetylmethyl and acetoxymethy!
esters.

An ester of formula I, or of any other free acid described herein, may be prepared by reaction with an
alcohol, phenol or stannanol, or a reactive derivative thereof. The reaction is preferably carried out under
mild conditions in order to prevent rupture of the ring or ring system, for example, under neutral or mild
acidic or basic conditions, and at temperatures within the range of from —~70° to +35°C.

An alkyl, alkoxyalkyl or aralkyl ester may be prepared by reaction of an acid of formula | or any other
free acid with the appropriate diazoalkane or diazoaralkane for example, diazomethane or diphenyldiazo-
methane. The reaction is preferably carried out in an ether, ester or halogenhydrocarbon as solvent, for
example, in diethyl ether, ethyl acetate or dichloromethane. In general, temperatures below room tem-
perature are preferred, for example, from —15° to +15°C.

An ester derived from an alcohol may also be produced by reaction of a reactive derivative of the alco-
hol, for example, a halide, for example a chloride, bromide or iodide, or a hydrocarbonsulphonyl deriva-
tive, for example, a mesyl or tosyl ester, with a salt of an acid of formula | or another free acid described
herein, for example, an alkali or alkaline earth metal salt, for example, a lithium, sodium, potassium, cal-
cium or barium salt or an amine salt, for example, a triethylammonium salt. This reaction is preferably
carried out in a substituted sulphoxide or amide solvent for example, in dimethyl sulphoxide, dimethyl-
formamide or hexamethylphosphoramide or, alternatively, an ester may be prepared by reaction of the
acid with the alcohol in the presence of a condensing agent, for example, dicyclohexylcarbodiimide.

A stannyl ester may be formed by reaction of a carboxylic acid of formula | or another free acid de-
scribed herein, or a salt thereof with a reactive tetravalent tin compound, especially a trialky! tin oxide.

The present invention also provides the salts of those compounds of formula | that have salt-forming
groups, especially the salts of free acids of formula | and the acid addition salts of compounds of formula
{ having a basic group. The salts are especially physiologically tolerable salts, for example, alkali metal
and alkaline earth metal salts, for example, sodium, potassium, lithium, calcium and magnesium salts,
ammonium salts and salts with an organic amine; also physiologically tolerable acid addition salits.
These may be formed with suitable inorganic and organic acids, for example, hydrochloric acid, sulphuric
acid, organic carboxylic and organic sulphonic acids, for example, trifluoroacetic acid and p- toluene-sul-
phonic acid. Some compounds of formula | which contain a basic centre may exist as Zwitterions; such
salts are also part of this invention.

A salt of a free acid of formula | may be produced by reacting the free acid with the appropriate base
in a solvent, preferably under conditions under which the salt precipitates. A preferred base is potassium
ethyl hexanoate.

A salt may be produced directly from an ester by splitting off the ester group under suitable reaction
conditions, for example, catalytic reduction of an ester, for example, a p-nitrobenzy! ester, in an aqueous/
organic solvent, for example, comprising water and ethyl acetate, dioxane, or tetrahydrofuran, in the
presence of a metal salt, especially a bicarbonate, for example, in an equivalent amount or in a slight
excess, yields a salt directly.

Compounds of the general formula | may be produced, for example, as shown in the reaction scheme
overleaf.
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in which R, R* and Rz are defined as above;

30 R?represents a hydroxy protecting group; 30

Re represents an alkyl group having from 1 to 8, preferably from 1 to 4 carbon atoms, an alkenyl group
having up to 4 carbon atoms, or a phenyl group;

Re represents an alkyl group having from 1 to 4 carbon atoms or a pheny! group; and

R represents a chlorine or bromine atom.

35 A compound of the general formula VI may be prepared as described in UK Patent Specification No. 2 35
102 798. A compound of formula VI may be converted into a compound of formula V by reaction, in the
presence of a base, with a compound of formula VII

S
40 Il 1 40
ClL - C - OR vII
in which R is as defined above, followed by reaction with an activated carboxylic acid derivative which
comprises the group Re for example, a compound of formula VIl
45 45
D
g U
R® -C-~Cl VIII
in which Re is as defined above.

50 Some compounds of formula VIl are known and some are new. New compounds may be prepared by 50
processes analogous to those for the preparation of the known compounds. cf. River & Schalch, Helv.
Chem.Acta, Vol. 6, 1923, p.605, and Reich & Martin, Chem Berichte, Vol 98, 1965 p.2063.

The reaction between compound Vil and compound VI is carried out in the presence of a base, prefera-
bly having a pK, = 20, preferably a metallated amine, and examples of preferred bases are lithium diiso-

55 propylamide, lithium hexamethyldisilazide, lithium 6,6,2,2-tetramethylpiperidide, lithium cyclohexy! 55
isopropylamide, and sodamide. ]

The reaction is generally carried out in an aprotic solvent, for example, an oxygenated hydrocarbon,
preferably an ether, for example, diethyl ether, tetrahydrofuran, dioxane, glyme or diglyme. The reaction
temperature is, for example, from =120 to +30°C, preferably freom —100 to —40°C.

60 The amount of base used is, for example, from 1 to 3 moles, calculated per mole of compound Vi, 60

preferably from 1.5 to 2.5 moles of base.
The compound of formula VIi is preferably used in an amount of from 1 to 1.5 moles per mole of
compound VI, preferably from 1 to 1.1 moles of compound VII.
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The reaction is preferably carried out as follows: to a stirred solution of compound VI under an inert
atmosphere is added the base and subsequently a solution of compound VI in the same or a different
solvent.

The activated acid derivative, preferably of formula VIIl is preferably added to the mixture resulting

5§ from the reaction of compounds VI and VIi, especially in an amount of from 1 to 2 moles calculated on
compound VI, The reaction is preferably carried out at a temperature of from —80 to +40°C, adding the

compound of formula Vil to the reaction mixture at the temperature at which the reaction between com-
pounds VI and VI took place, and then warming, or allowing the mixture to warm, to room temperature,

if desired, heating the mixture to a temperature of up to 40°C.

10 The -SCORs group in the resulting compound of formula V may be cis or trans to the -COOR group.
The isomers may be separated for the subsequent reaction, but this is-not generally necessary, and the
isomeric mixture is generally used.

Preferred hydroxy-protecting groups R? are those which are compatible with the synthesis of the com-

pound of formula V and which may be removed under reaction conditions in which the resulting com-
15 pound IV is stable. Compound IV has been found to be stable in the presence of a proton source, for
example, hydrogen chloride, aqueous hydrochloric acid or aqueous hydrofiuoric acid. Accordingly, one

type of preferred hydroxy protecting groups R’ are those which may be removed under acidic conditions.

Such groups are well known in the art and are, for example tetrahydropyranyl and tetrahydrofuranyl
groups; acetal and ketal groups, for example, of formula
20
- ¢ - or'

N
212 R13

25 in which R and R®, which may be the same or different, each represents a hydrogen atom or a lower
alky! group, preferably a methy! group, or R*2 and R* together with the carbon atom to which they are

attached, represent a cycloalkyl ring having from 4 to 7 carbon atoms, or a tetrahydropyranyl or tetrahy-

drofuranyl ring, and R represents a lower alkyl group, preferably a methyl or ethyl group; also silyl
esters, for example, as described above in relation to R, for example, -SiR™ R R groups, in which R,

30 R® and R's, which may be the same or different, each represents a lower alkyl group or an aryl group, for
example, triethylsilyl, t-butyldimethylsilyl and methyldiphenylsilyl groups; and stannyl groups, for exam-

ple, as described above in relation to R, for example, -SnR R R groups, in which R, R and R,

which may be the same or different, each represents a lower alky! group, for example, a tri-n-butyl-stan-

nyl group. Preferred hydroxy protecting groups R” are tetrahydropyranyl, 2-methoxyprop-2-yl, trimethyl-
35 silyl, triethylsily! and, especially, t-butyldimethylsilyl groups.
Such groups may be removed by acid hydrolysis, for example, using moderately concentrated hydro-

chloric acid, e.g. 6M HCI, e.g. in tetrahydrofuran (cf. Belgian Patent Specification No. 881 012}); t-Bu,NF in

an acidic medium e.g. in acetic acid (cf Belgian Patent Specification NO. 882 764): or aqueous hydrogen
fluoride e.g. in the presence of acetonitrile (cf J. Chem. Soc. Perkin 1, 1981, 2055).

40 The halogenation of compound 1V to give compound Ill is carried out with an agent capable of splitting

a carbonsulphur bond and introducing a halogen atom. Such agents are well known in the art and in-
clude, for example, molecular chiorine, molecular bromine, sulphuryl chioride, sulphuryl bromide, t-bu-
tylhypochlorite, cyanogen chloride, and cyanogen bromide.
The reaction is generally carried out at a temperature within the range of from —40 to +20°C. The

45 reaction is generally carried out in a solvent or diluent that is non-protic and is inert under the reaction
conditions, for example, an ether, a hydrocarbon or a halogenated hydrocarbon, for example, dioxane,
benzene, chloroform or methylene chloride. A mixture of two or more solvents may be used. Examples
of halogenating systems are: chlorine in chloroform and, especially, chlorine in benzene and t-butylhy-
pochlorite in benzene.

§0 In the latter two cases, the temperature is preferably from 5 to 20°, and especially from 5 to 10°C. Gen-

erally 1 to 2 moles of halogenating agent are used per mole of compound IV (cf. S. Kukolja J. Amer.

Chem. Soc. (1971) 93 6267, and P.C. Cherry, C.E. Newall and N.S. Watson, J.C.S. Chem. Comm. 1979 p.

663).

A compound of formula Il may be converted into a compound of formula [l by reaction with a base.

55 The base must be capable of splitting the thio-carbonyl bond in a compound of formula il and of bring-

ing about ring closure. The base may be inorganic or organic, for example, ammonia, or an alkali metal,

especially a sodium or potassium, carbonate, bicarbonate, or hydroxide; a primary amine, for example,

methylamine, ethylamine, aniline or benzylamine; an alkali metal alkoxide in the corresponding alcohol,

for example, sodium methoxide in methanol; or a heterocyclic base, for example, having a pK, within the

60 range of from 5 to 9, for example, imidazole or pyridine or a substituted pyridine, for example, an alkyl,
amino, or alkylamino-substituted pyridine, for example, 4-methyl-, or 4-dimethylamino-pyridine. Imida-
zole is particularly preferred.
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The reaction is generally carried out in a solvent or diluent, the choice of which is wide, provided that
it is inert under the reaction conditions. Examples of solvents and diluents are oxygenated hydrocarbons,
for example, alcohols, for example, having up to 4 carbon atoms, for example, methanol and ethanol;
ethers, for example having up to 4 carbon atoms, for example, diethyl ether, also tetrahydrofuran and
5 dioxane; ketones, for example, having up to 4 carbon atoms, for example, acetone and methyl ethyl ke- 5
tone; esters, for example, methyl acetate and ethyl acetate; and amides, for example, dimethylformam-
ide and dimethylacetamide; also chlorinated hydrocarbons, for example, chloroform, methylene chloride
and carbon tetrachloride; aromatic hydrocarbons, for example, benzene and toluene; and other solvents
for example, acetonitrile and nitromethane. A mixture of any two or more solvents may be used, and
10 solvents are preferably used in admixture with water, preferably a water-miscible solvent in admixture 10
with 5 to 20 % {v/v) water, especially a mixture of dioxan and water, preferably 5 to 10 % (v/v) water. The
reaction is generally carried out at a temperature within the range of from 0 to 40°C, preferably from 0 to
20°C.
A compound of formula Il is then acylated to give a compound of formula | as described above.
15 When a compound of formula V having S-stereochemistry at the 3- position is used it has been found 15
that the resulting compound of formula | is predominantly the desired 5R,86S isomer. The following reac-
tion scheme illustrates the stereochemistry, R, R*, R, R¢, R® and R™ being defined as above.
H OH
H// GR7 ,//’/ Y
20 . €H4.,~C 20
cH,~C SCH,CHy 37, RS
3 Y 4 4/_4_R__( or’!
25 : ﬂ/ S 25
]
0 — cooR SCOR?
COOR \ 0 I|V
v SCo ¥
30 : 30
35 35
40 40
45 45
50 50
COOR
55 ! 55
Halogenation of the 4R compound of formula IV gives predominantly the 4S compound of formula lll.
The proportion 4S:4R compound Il depends on the halogenating agent used and the reaction conditions,
but in general varies from 3:1 to amounts as high as 9:1. The 4R and 4S isomers can be separated read-
60 ily, for example, by chromatography. Compound Il also has E/Z isomerism at the double bond, and the 60

4R and 4S isomers may be further separated into the individual E and Z isomers. This is not generally
necessary, but the 4R and 4S isomers are preferably separated before conversion into a compound of
formula Il. As can be seen from the reaction scheme, a 4S compound lil is converted by reaction with a
base into a 5R compound of formula Il and subsequently into a 5R compound of formula I.
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It is preferable to ensure that any free carboxyl group in any of compounds Il to VI is esterified, the
ester group preferably being removed after the formation of compound I. Although an ester group may
be introduced immediately prior to the formation of compound |, it is preferable to esterify the carboxyl
group at an earlier stage in the preferred reaction sequence, for example, to esterify a free carboxyl
group in a compound of formula V or VI to ensure that the carboxyl group does not take part in any of
the subsequent reactions. An esterifying group may be transesterified to another ester group having
more desirable properties for a particular stage of the reaction sequence.

Eurthermore, it is advisable to protect any reactive moiety present in R or R* so that such a moiety
does not react with any of the reagents used in any subsequent reaction. Examples of moieties which
may require protection are hydroxy, carboxy and amine moieties which may, for example react with the
reagents used to convert a compound VI to a compound V. Groups suitable for protecting such reactive
moieties are well known, as are methods for their removal. (cf. Protective Groups in Organic Chemistry,
editor J.F.W. McOmie, Plenum Press, 1973).

Hydroxy-protecting groups are exemplified above.

Carboxy-protecting groups are, for example, as described above for R. Amino protecting groups are,
for example, t-butyloxycarbonyl, benzyloxycarbonyl, p-nitrobenzyloxycarbonyl, p-nitrobenzenesulphonyl
and trityl groups.

Reactive moieties may be protected at any appropriate point in the reaction sequence, and the protec-
tive groups are preferably removed after the formation of the compound of formula I, for example, if R in
formula | represents an esterifying group, this may be removed in the usual manner, depending on the
nature of the ester group, for example, by hydrolysis, reduction, or enzymatically, to yield the free acid. A
free acid or an ester may be converted into a salt, especially a physiologically tolerable salt, or a salt may
be converted into another salt or the free acid or an ester. An ester may be transesterified, or a free acid
converted into an ester, for example, to give an ester capable of removal under physiological conditions.
Examples of such procedures are given above.

The invention also provides a modification of the process described above, wherein in a compound of
formula I, II, Hll, IV or V or in more than one of these compounds, a substituent of a group R is converted
at an appropriate point in the reaction sequence into another substituent of R". A substituent of R in
compound V, for example, may be converted into another substituent of R before the halogenation reac-
tion to give compound il or the initial substituent of R* may be retained during the halogenation reac-
tion, being converted into another substituent of R* before the reaction of compound Il to give compound
l.

The following are examples of interconversions of substituents of R': {R? being as defined above).

R*S-to R3SO-

R3S-or R*SO-to R3SO,

NO,-to NH,-, which may then be alkylated or acylated,

-CN to -CH,NH,, which may then be alkylated or acylated,

N, to NH,-, which may then be alkylated or acylated,

HO-may be alkylated or acylated

R3CO-O-to HO-, which may then be alkylated or acylated.

Halogen to -SH, -SO,H, -SO;H, -CN or CO.H, N, or - SR, which may be further treated as described
above for the appropriate group. The methods for carrying out such reactions are known in the art, for
example, an alkylthio group may be oxidised, preferably with a carboxylic peracid, especially m-chloro-
perbenzoic acid, to give the corresponding alkylsulphinyl or alkylsulphonyl group; a nitro group may be
reduced to an amino group by noble metal catalysed hydrogenation, for example, using platinum, or
10% palladium on carbon, c.f.M. Freifelder, Catalytic Hydrogenation in Organic Synthesis, Willey Intersci-
ence, 1978, page 26, and P.N. Rylander, Catalytic Hydrogenation over Platinum Metals, Academic Press,
1967, Chapter 11; an amino group may be alkylated with a conventional alkylating agent, for example, a
lower atkyl halide, for example, methyl iodide, or acylated with, for example, an acid chloride or acid
anhydride, for example, acetyl chloride or acetic anhydride, a cyano group may be converted into an
amino group by reduction, for example, using a metal hydride; an azide group may be converted into an
amino group by reduction, for example, using hydrogen sulphide or catalytic raduction; and a hydroxy
group may be alkylated or acylated as described above; and a halide, especially an iodide, may be
treated with an organometallic compound, for example, an organolithium compound, especially t-butyl-
lithium, the resulting complex being treated with sulphur, sulphur dioxide, cyanogen, or carbon dioxide,
to give the -SH, -SO,H, CN or CO,H group respectively.

These modifications of the process of the invention are particularly useful for the production of a com-
pound of formula | having a group R bearing 1, 2 or 3 substituents, any one or more of which is poten-
tially unstable or incompatible during any one or more of the stages of the reaction sequence described
above. The conversion step is, accordingly, carried out after the step in which the substituent is poten-
tially unstable or incompatible. -
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it will be appreciated that although these modifications are particularly useful for the production of
compounds of formula | having substituents on R' that are potentially unstable in the production process,
it is not limited to such groups, and in a further modification of the process of the invention, a substi-
tuent of R* may be produced by conversion of another substituent that does not itself fall within the
§ definition of a substituent of R, for example, an unsubstituted or substituted, preferably p-nitrosubsti-
tuted, benzyloxycarbonylamino group may be converted into a free amino group, for example, by noble
metal catalysed hydrogenation, c.f.M. Freifelder, /oc. sit., page 111, P.N. Rylander, /oc. cit., page 455, and
C. Berse et a/, J. Org. Chem. 22, 805, 1957.
At each stage of the preferred reaction sequence, the desired compound may be isolated from the re-
10 action mixture and, if desired, purified by appropriate techniques generally used for the purification of
organic compounds, for example, chromatography or crystallisation. As indicated above, various inter-
mediates may be produced in the form of mixture of isomers of various kinds. Such a mixture may be
separated or resolved at any stage, or the isomeric mixture may be used per se for subsequent reactions.
{In the case where a protective group R? has been removed before halogenation, a resulting compound
15 of formula IV is preferably separated into the 4R and 4S isomers (see below) ).
All of the compounds that are provided by the invention may exist in any isomeric form, as discussed
above, either as a pure isomer or as a mixture of any two or more isomers.
A compound of formula | may have the R-or S-stereo-chemistry independently at positions 5, 6 and 8.
Further isomeric forms will occur when any substituent contains a chiral carbon atom. Any mixture of
20 two or more isomeric forms may be resolved if desired, or a compound of formula | can be used in the
form of the isomeric mixture. The preferred stereochemistry at position 5 in compound | is generally R,
corresponding to that in naturally occurring penicillins and cephalosporins, at position 6 is S, and at posi-
tion 8 is R.
The compounds of formula | and salts thereof are B-lactamase inhibitors, and the compounds are gen-
25 erally stable to the action of B-lactamases produced by gram-positive organisms, for example, by Staphy-
lococeus aureus and gram negative organisms, for example, Enterobactercloacae. They also possess
antibacterial properties themselves and are well absorbed orally. They may be used in humans and other
aninmals, for example, to treat bacterial infections caused by gram-positive and gram-negative bacteria,
for example, Staphylococcus aureus, Streptococcus pyrogenes, Bacillus subtilis, E. coli, Pseudomonas
30 aeruginosa, and Proteus morganii, some strains of which are penicillin-resistant. The invention accord-
ingly provides a pharmaceutical preparation which comprises a compound of formula |, or a physiologi-
cally tolerable salt thereof, or a mixture of two or more such substances as active ingredient, in
admixture or conjunction with a pharmaceutically suitable carrier. The preparation may also comprise
one or more other pharmaceutically active substance, for example, another antibacterial substance, espe-
35 cially one which has a B-lactam ring. The preparations may be in a form suitable for enteral or parenteral
administration, for example, for oral, intravenous, or intra-muscular administration, for example, as tab-
lets, capsules, syrups, or sterile injectable or infusible solutions. The preparations are advantageously in
unit dosage form and preferably comprise from 10 to 2000 mg of the active ingredient. The daily dosage
of the active ingredient is generally from 20 to 8000 mg, in divided doses, generally up to 4 doses. '
40 The invention also provides the use of an active ingredient as defined above as a B-lactamase inhibitor
and/or as an antibacterial agent.
The invention further provides a pharmaceutical preparation which comprises an active ingredient as
defined above, in unit dosage form.
The invention also provides a pharmaceutical preparation which comprises an active ingredient as de-
45 fined above, or a physiologically tolerable salt thereof or a mixture of two or more such substances, and
one or more further pharmaceutically active substances, for example, as described above and, for exam-
ple, in unit dosage form.

HO H
S

|
CH,—~CH ——-——r 1 1ia
50 3 y OR,

/»———N
(o}

COOR

55 The present invention also provides compounds of the general formula lla in which R is defined as
above, and R] represents a thienyl group which may be unsubstituted or substituted by one, two or three
substituents, which may be the same or different, selected from halogen atoms, cyano groups, and lower
alkylthio, lower alkylsulphinyl and lower alkylsulphonyl groups. A lower alkylthio group is especially a
methylthio group; a lower alkylsulphinyl group is especially a methylsulphinyl group, and a lower alkyl-

60 sulphonyl group is especially a methylsulphonyl group. Preferably only one substituent is present. The
invention also provides those compounds of formula lla in which R is defined as above & R! represents a
phenyl group substituted by an ethylthio or ethylsulphinyl group.
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Examples of compounds of formula lla are those in which R} represents a 2-cyano-, 2-methyithio-, 2-
methylsulphinyl-or 2- methyl-sulphonylthien-3-yl radical, and those in which R! represents a 4-ethylthio-
or 4-ethylsulphinylphenyl group.
The invention further provides salts of compounds of formula lla.
§ The invention also provides a pharmaceutical preparation which comprises a compound of formula lla = 5
or a salt thereof. The preparation is, for example, as described above for compounds of formula 1.
The invention further provides compounds of the general formulae Ill, IV and V, in which R, R?, Re, Re
and R are as described above, and R! represents a group R! as defined above, that is to say, com-
pounds of formulae llla, IVa and Va, respectively.

10 The following Table provides examples of compounds of the invention. 10
]
1" Tablse
R -C-0
s
CHa"CH”‘J‘_]/ ;
— OR
— N
o
COOR
R al g
CH, ~CHg
H ~Ph
cl

; ~CH,

= ~C(CHz),
~Ph
~CH
3

CN

~C(CHy )4

~Ph
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R ! r%
NHCOCH
-CH
10 ) @ 50,H 3 16
-C(CH3)3
-Ph
~CHy
15 . SO H _ 1
H y g©/ 3 £(chy) 5
~Ph
~CH
20 " - SO,NH,, " }:;, 20
25
-c(cnz)3
~Ph
~CH,0Ph
25 25
In the above Table, Ph denotes a phenyl group. Alternatively, for each of the above compounds, R may
30 represent Na*, K*, Li* or a pivaloyloxymethyl or phthalidyl group. ) 30
The stereochemistry at position 5 is preferably R; at position 6 is preferably S; and at position 8 is
preferably R.
The present invention also provides compounds of the general formulae |l, lil, iV, V, VI and VII, and
more especially provides the compounds specifically described in the Table and in the Examples given
35 hereinafter. 35
The following Examples illustrate the invention. In them, temperatures are expressed in degrees cel-
sius, and T.L.C. denotes thin layer chromatograhy.
Example 1
40 2-Methylthio-3-methoxythiophene 40
To a stirred solution of 21 g of 3-methoxythiophene in diethyl ether at —40°C was added 115 ml of a
1.6 molar hexane solution of n-butyllithium. The mixture was warmed slowly over 10 minutes to 0°C,
then refluxed for 1 hour, was cooled to —78°C and a solution containing 21.4 g of dimethyldisulphide in
100 ml of diethyl ether was added. The reaction mixture was warmed to room temperature and stirred
45 for 30 minutes, was poured into water and the organic layer washed with water, with brine, and was 45
then dried over magnesium sulphate and evaporated to dryness.
Chromatography over silica gel, eluting with hexane/ethylacetate mixture, afforded 26 g of the title
compound as an oil. Yield 91 %.
8 (CDCl,)
50 2.36 (3H, s) 50
3.92 (3H, s)

6.83 (1H, d, J = 5.7
7.22 (1H,d, J = 5.7 Hz
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Example 2
3-Hydroxy-2-methylthiothiophene
To a stirred solution of 13.8 ml of ethanethiol in dry N,N- dimethylformamide at ~78°C was added 117
ml of a 1.55 molar hexane solution of n-butyllithium. To this mixture was added 10 g of 2-methylthio-3-
methoxythiophene. The mixture was warmed to room temperature, refluxed for 2 hours, then poured
into 2 molar hydrochioric acid and partitioned between ethyl acetate and water. The organic layer was
washed with water, with brine and dried over magnesium sulphate, evaporated to dryness.
Chromatography over silica gel, eluting with hexane/ethylacetate mixtures, afforded 6.1 g of the title
compound as an oil.
M* 160.0029
5 (CDCl,)
2.28 (3H, s)
6.00 {1H, bs)
6.74 (1H, d, J
7.22 {1H, d, J

5.7 Hz)
5.7 Hz)

Example 3
2-Methylthio-3-thienyl chlorothionoformate

To a vigorously stirred solution of 2.5 g of 3-hydroxy-2- methylthio thiophene and 1.94 ml of thiophos-
gene in alumina- dried chloroform at 0°C was added dropwise a solution of 0.88 g of sodium hydroxide
in 50 m! of water. The mixture was then warmed to room temperature, was stirred for a further 2 hours,
and then partitioned. The organic layer was separated, was washed with ice- cold water, with brine and
thoroughly dried over CaCl,. Evaporation in vacuo afforded 2.4 g of an oil.

M+ 225.9102 and 223.9241 ’

3 (CDCL,)

2.42 (3H, s)

6.86 (1H, d, J = 5.9 Hz)

7.33(1H, d, J = 5.7 Hz)

30 Example 4
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4-Nitrobenzyl 2-(35-{1R-dimethyl-(2-methyl-2-propyl)silyloxy} ethyl)-4R-ethylthio)azetidin-2-on- 1-yl)-3-(2-
methyl-thio-3- thienyloxy)-3-trimethylacetylthio-propenate :

To a stirred solution of 1.0 g of 4-nitrobenzyl 2-[3(S)- {(1(R)-dimethyl-{2-methylprop-2-yl)silyloxyethyl)-
4(R)-ethyl- thioazetidin-2-on-1-yl]-acetate and 0.72 g of 2-methylthio- 3-thieny! chlorothionoformate in dry
tetrahydrofuran at —100°C under argon was added a solution of a mixture of 0.89 ml of hexamethyldisila-
zane and 2.95 ml of a 1.55 molar hexane solution of n-butyllithium in dry tetrahydrofuran. The mixture
was stirred at —100°C for 5 minutes, and 0.84 ml of trimethylacetyl bromide was added. The mixture was
allowed to warm to room temperature and was stirred for 2 hours. Acetic acid was then added and the
mixture was partitioned between ethyl acetate and water. The organic layer was washed with citric acid,
with water, with sodium bicarbonate, with brine, and was then dried over magnesium sulphate and
evaporated to dryness.

Chromatography over silica gel, eluting with hexane/ethyl acetate mixture, afforded 1.1 g of the title
compound as a yellow oil.

Vimax (CHCI3) = 1763 cm?

3 (CDCL,) (for the E/Z mixture)}

0.06 (6H, s)

0.81, 0.88 (9H, 2s)

1.0, 1.1 (9H, 2s})

1.26(3H,t, J = 7 Hz)

1.27 (3H, d, J = 6 Hz)

2.34, 2.40 (3H, 2s)

2.5-2.8 {2H, m)

3.0 -3.3 (1H, m)

4.0 -4.4 (1H, m)

5.3 (3H, bs)

6.7 (1H, d, J = 5.6 Hz)

7.1 (1H, d, J = 5.6 Hz}

7.3 -8.2 (4H, m}
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Example &
4-Nitrobenzy! 2-(4R-ethylthio-3S-{1R-hydroxyethyljazetidin-2- on-1-yl)-3-(2-methylthio-3-thienyloxy)-3-tri-
methylacetylthio- propenate
To a stirred solution of 4-nitrobenzyl 2-(3S-(1R-dimethyl- (2-methyl-2-propyl}silyloxylethyl)-4R-ethyl-

5 thio)azetidin-2-on- 1-yl}-3-(2-methylthio-3-thienyloxy)-3-trimethylacetylpropenate in tetrahydrofuran at 5
room temperature was added 2 m! of water and 2 ml of concentrated hydrochloric acid. The mixture was
stirred for 28 hours (when TLC analysis showed the reaction to be complete), and was then partitioned
between ethyl acetate and water. The organic layer was washed with sodium bicarbonate, and brine, was
dried over MgSO, and evaporated to dryness.

10 Chromatography over silica gel and elution with ethyl acetate- hexane mixtures afforded 574 mg of the 10
title compound as a yellow foam.
Vmax (CDCl3) 1764 cm ™
5 (CDCl,) (for the E/Z mixture)
1.05, 1.09 (9H, 2s)
15 1.3 -1.48 (6H, m) 15
1.70 (1H, bs)
2.35, 2.40 (3H, 2s)
2.6 -2.9 (1H, m)
3.24, 3.30 (1H, 2dd)
20 4.26-4.37 (1H, m) 20
5.20 -5.44 {3H, m)
6.75 -6.77 (1H, 2d, J = 5.6 Hz)
7.16 (1H, d, J = 5.6 Hz)
7.46 -8.25 (4H, m)
25 25
Example 6
4-Nitrobenzyl 2-(4S-chloro-3S-(1R-hydroxyethyl)azetidin-2-on- 1-yl)-3-(2-methylthio-3-thienyloxy)-3-trime-
thylacetylthio-propenate
To a stirred solution of 520 mg of 4-nitrobenzyl 2-[4R- ethylthio-3S-{1R-hydroxyethyl)-azetidin-2-on-1-
30 yl]-3-(2-methyl- thio-3-thienyloxy)-3-trimethylacetylthio-propenate in dichloromethane at —40°C was 30
added a solution of 0.73 mmol of chlorine in 1.22 ml of carbon tetrachloride. After 30 minutes the reac-
tion was warmed to room temperature and evaporated to dryness. Chromatography over silica gel and
elution with ethyl acetate- hexane mixtures afforded 340 mg of the title compound as a yellow foam.
Umax (CDCly) 1781 cm
35 & (CDCI,) (for the E/Z mixture) 35
1.06, 1.09 (9H, 2s)
1.42, 1.46 (3H, 2d, J = 6.3 Hz)
1.58 {1H, bs)
4.58 (1H, 2d, J = 4.2 Hz and 9 Hz)
40 4.33-4.50 (1H, m) 40
5.29, 6.30 (2H, 2s)
6.11, 6.26 (1H, 2d, J = 4.2 Hz)
6.75 (1H, d, J = 5.8 Hz)
7.20 (1H, d, J = 5.8 Hz)
45 7.46 -8.32 (4H, m) 45
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Example 7
4-Nitrobenzyl 5R,6S-(1R-hydroxyethyi)-3-(2-methylthio-3-thienyloxy) -7-oxo-4-thia-1-axabicyclo[3,2,0]hept-
2-ene-2-carboxylate
To a stirred solution of 340 mg of 4-nitrobenzy! 2-[4S- chloro-3S-(1R-hydroxyethyl)azetidin-2-on-1-yl]-3-
5 (2-methylthio- 3-thienyloxy)-3-trimethylacetylthio-propenate in dioxan:water (9:1 v/v) at +5° was added
45 mg of imidazole. After 30 minutes at +5°C the reaction mixture was warmed to room temperature and
partitioned between ethylacetate and water. The organic layer was washed with citric acid, with water,
with saturated sodium bicarbonate, and with brine, was dried over MgSO, and then evaporated in vacuo
to dryness. Chromatography over silica gel, and elution with hexane-ethyl acetate mixtures afforded 116
10 mg of the title compound as a yellow foam.
Voae (CDCL,) 1787, 1791(sh), 15622 cm !
d (CDCl,)
1.36 (3H, d, J = 6.3 Hz)
1.60 (1H, bs)
15 2.41 (3H, s)
3.74 {1H, dd, J = 1.4 Hz and 6 Hz}
4.21 -4.34 (1H, m)
5.30, 5.5 (2H, AB, J = 14 Hz)
5.63 (1H, d, J = 1.4 Hz)
20 6.88(1H,d,J = 5.7 Hz)
7.26 (1H, d, J = 5.7 Hz}
7.61 (2H, d, J,s = 8.8 H2)
8.21 (2H, d, J,s = 8.8 Hz)

I

25 Example 8
4-Nitrobenzy! 5R,6S-(1R-hydroxyethyl)-3-(2-methylsulphinyl-3- thienyloxy)-7-oxo-4-thia-1-azabicy-
clof3,2,0]hept-2-ene-2- carboxylate
To a stirred solution of 116 mg of 4-nitrobenzyl 5R,6S-(1R- hydroxyethyl)-3-(2-methyithio-3-thienyloxy)-
7-oxo-4-thia-1-azabi- cyclo[3,2,0]hept-2-ene-2-carboxylate in ethyl acetate at —78°C was added a solution
30 of 0.23 mmol of m-chloroperbenzoic acid in ethyl acetate. After 30 minutes the reaction mixture was
warmed over a further hour to room temperature, and then washed with sodium bicarbonate solution,
with brine, was dried over MgSQ, and evaporated to dryness. Chromatography over silica gel and elution
with ethyl acetate- hexane mixtures afforded 72 mg of the title compound.
Umae (CDCl,) 1790, 1797 (sh), 1535 cm *
35 3 (CDCL,) (mixture of a-and B-sulphoxides)
1.37 (3H, d, J = 6.3. Hz)
1.56 (1H, bs}
2.96 (3H, s)
3.80 (1H, dd, J = 1.5 Hz and 6 Hz)
40 4.21 -4.37 (1H, m)
5.30, 5.5 (2H, AB, J = 14 Hz)
5.69 (1H, 2d, J = 1.5 Hz)
6.95 (1H, 2d)
7.57 -7.60 (3H, m)
45 8.21(2H, d, J,s = 8.6 Hz)
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Example 9
4-Nitrobenzyl 5 (R),6(S)-(1(R)-acetoxyethyl)-3-(4-methyl- sulphinylphenoxy)-7-oxo-4-thia-1-azabicy-
clo[3,2,0lhept-2- ene-2-carboxylate
To a stirred solution of 1561 mg of 4-nitrobenzy! 5(R),6(S)- (1{R)-hydroxyethyl)-3-(4-methyisulphinylphen-
5 oxy)-7-oxo-4-thia- 1-azabicyclo(3,2,0]hept-2-ene-2-carboxylate in 2 mi of dry tetrahydrofuran at 0°C was
added a solution of 3.7 mg of 4- (N,N-dimethylamino)pyridine, and 563 mg of acetic anhydride in 2 ml of
dry tetrahydrofuran. After 30 minutes, the reaction mixture was warmed to room temperature, parti-
tioned between ethyl acetate and water; the organic layer was washed with saturated aqueous sodium
bicrbonate solution, and with brine, was dried over magnesium sulphate and evaporated in vacuo to dry-
10 ness. Chromatography of the residue over silica gel, and elution with hexane -ethyl acetate mixtures af-
forded 99 mg of the title compound.
Vmax (CDCI,) 1795, 1749 (sh) and 1720 cm™?
5 (CDCly,)
-~ 1.38(3H,d,J = 6 Hz)
15  2.02 (3H, s)
2,74 (3H, s)
3.90 (1H, dd, J = 1.5 Hz and 6 Hz)
5.1 -5.4 (3H, m)
5.63 (1H, d, J = 1.5 Hz)
20 7.0-8.3 (8H, m)

Example 10
4-Nitrobenzyl 5(R),6(S)-[1(R)-(phenoxyacetoxy)ethyl]-3-(4- methylsulphinylphenoxy)-7-oxo-4-thia-1-aza-bi-
cyclof3,2,0]hept- 2-ene-2-carboxylate
25 57 mg of the above compound were obtained from 175 mg of 4- nitrobenzyl 5(R),6(S)-(1(R})-hydroxy-
ethyl)-3-(4-methyl- sulphinylphenoxy)-7-oxo0-4-thia-1-azabicyclo{3,2,0}hept-2- ene-2-carboxylate by a pro-
cedure analogous to that described in Example 9 using 200 mg of phenoxyacetic anhydride, 40 mg of
pyridine, 2 mg of dimethylaminopyridine and 1 m! of dry tetrahydrofuran.
3 (CDCl,)
30 1.35(3H,d,J = 6 Hz)
2.73 (3H, s)
3.96 (1H, dd, J = 1.5 and 6 Hz)
4.4 (2H, m)
5.3 (3H, m)
35 5.78(1H,d,J = 1.5 Hz)
7.0 -8.3 (13H, m)

Example 171
Potassium 5(R), 6(S)-1)R}-acetoxyethyl)-3-(4-methyl- sulphinylphenoxy]-7-0xo-4-thia-1-azabicy-
40 c/o[3,2,0/hept- 2-ene-2-carboxylate
A mixture of a solution of 55 mg of 4-nitrobenzyl 5(R), 6(S)- (1(R)-hydroxyethyl)-3-(4-methylsulphinyl-
phenoxy)-7-oxo-4-thia- 1-azabicyclo[3,2,0]hept-2-en-2-carboxylate in dioxan, and 10 mg potassium bicar-
bonate in water, and 50 mg 10 % palladium/charcoal was hydrogenated at 50 p.s.i. until TL.C analysis .
indicated complete reaction. The mixture was filtered through Celite ({Trade Mark) and lyophilized to yield
45 41 mg of the title compound as a crystalline solid.

Example 12
Potassium 5(R), 6(S)-(1(R)-(phenoxyacetoxy)ethyl)-3-(4- methylsulphinylphenoxy)-7-oxo-4-thia-1-azabicy-
clo[3,2,0]- hept-2-ene-2-carboxylate

50 34 mg of the above salt were obtained from 40 mg of the corresponding 4-nitrobenzyl carboxylate (see
Example 10) by a procedure analogous to that described in Example 11 using 6.3 mg of potassium bicar-
bonate.
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Example 13
4-Nitrobenzy! 5(R),6(S)-(1R-(4-chlorobenzoyljoxyethyl)-3-(4- methylsulphinylphenoxy)-7-oxo-4-thia-1-azabi-
cyclo-[3,2,0]hept- 2-ene-2-carboxylate
112 mg of the above compound were obtained as an oil from 150 mg of 4-nitrobenzyl 5(R),6(S)-1(R}-
5 hydroxyethyl)-3-(4-methylsulphinylphenoxy) -7-oxo-4-thia-1-azabicyclo:ob3,2,0]-hept-2-ene-2-carboxylate 5
by a procedure analogous to that described in Example 9 using 445 mg of 4-chlorobenzoic anhydride, &
ml of dichloromethane, and 18.3 mg of 4-di-methylaminopyridine.
3 (CDCIl3)
1.66 (3H, d, J = 6.5 Hz)
10 2.74 (3H, s) 10
4.07 (1H, dd, J = 1.4 and 7 Hz)
5.25, 5.40 (2H, AB, J = 14 Hz)
5.60 -56.566 (1H, m)
579 (1H, d, J = 1.4 Hz)
15 7.31-7.37 {4H, m) 15
7.53 (2H, d, J = 9 Hz)
7.68 (2H, d, J = 9 Hz)
7.93 (2H, d, J = 8.6 Hz)
8.15 (2H, d, J = 8.8 Hz)
20 20
Example 14
Potassium 5(R),6(S)-(1(R]-{4-chlorobenzoylJoxyethyl)-3-(4-meth ylsulphinylphen -oxy)-7-oxo-4-thia-1-azabi-
cyclof3,2,0]-hept-2-ene-2-carboxylate
66 mg of the above salt were obtained from 112 mg of the corresponding 4-nitrobenzyl carboxylate (as
25 defined in Example 13) by a procedure analogous to that described in Example 11, using 17 mg of potas- 25
sium bicarbonate and 100 mg of 10 % palladium on charcoal.
3 (D,0)
1.47 3H, d, J = 6 Hz)
2.86 (3H, s)
30 4.27 (1H,dd, J = 1.5 and 7 Hz) 30
5.42 -5.57 (1H, m)
5.85 (1H, d, J = 1.5 Hz)
7.38 (2H, d, J = 9 Hz}
7.47 (2H, d, J = 9 Hz}
35 7.72(2H,d,J =9 Hz) 35
7.95 (2H, d, J = 9 Hz)
Example 15
4-Nitrobenzyl 5(R),6(S)-(1(R)-( 1-butoxycarbonylamino-acetoxy) ethyl)-3-(4-methylsulphinylphenoxy)-7-oxo-
40 4-thia-1-axabicyclo [3,2,0]hept-2-ene-2-carboxylate 40
To a solution of 98 mg of 4-nitrobenzyl 5R,6S-(1R-hydroxy-ethyl) -3-{4-methylsulphinylphenoxy)-7-oxo-
4-thia-1-aza-bicyclo[3,2,0] hept-2-ene-2-carboxylate and 5 mg of N,N-dimethylaminopyridine in 5 mi dry
tetrahydrofuran at 0°C was added with stirring a freshly prepared solution of 980 ml of N-(t-butoxycar-
bonyl} glycine anhydride in 5 ml dichloromethane. After two hours at 0°C, the mixture was warmed and
stirred a further two hours at room temperature, and then evaporated to dryness. The residue was parti- 45
tioned between ethyl acetate and water, and the organic layer was washed with saturated sodium bicar-
bonate solution and brine. Evaporation to dryness and chromatography of the residue over silica gel, and
elution with hexane -ethyl acetate mixtures afforded 98 mg of the title compound.
3 (CDCly)
50 1.46 (3H, d, J = 6.5 Hz) 50
2.73 (3H, s)
3.85 (2H, d, J = 5.7 Hz)
4.95 (1H, m)
5.33 (2H, AB, J = 15 Hz)
55 535 (1H, m) 55
5.66 (1H, d, J = 1.2 Hz)
7.31 (2H, d, J = 9 Hz)
7.55 (2H, d, J = 9 Hz)
7.67 {2H, d, J = 9 Hz)
60 8.20(2H,d, J = 9 Hz) 60
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Example 16
5R,6S-(1R-{Aminoacetoxy)ethyl)-3-(4-methylsulphinylphenoxy)- 7-oxo-4-thia-1-azabicyclof3,2,0/hept-2-ene-
2-carboxylic acid ’
To a stirred solution of 98 mg of 4-nitrobenzyl 5R,6S(1R- ({t-butoxycarbonylaminoacetoxy)ethyl)-3-(4-

§ methylsulpninyl-phenoxy)- 7-oxo-4-thia-1-azabicyclo[3,2,0lhept-2-ene-2-carboxylate in a mixture of chloro- g
form and 2,2,2-trifluoro-ethanol at —20°C was added to p.1 of trifluoroacetic acid. The mixture was then
warmed to room temperature, and then partitioned at 0°C between chloroform and aqueous potassium
bicarbonate solution. The organic layer was separated and rapidly washed with water, was dried over
magnesium sulphate, and rapidly evaporated in vacuo. The residue was dissolved in 10 ml of dioxane;

16 10 ml of ice- water, and 50 mg of 10 % palladium on charcoal were added, and the mixture was hydro- 10
genated. The mixture was then filtered through “Hifio” (Trade Mark, diatomaceous earth); the filter cake
was washed well with water. The filtrate was lyophilised to afford 43 mg of the title compound.

Example 17

15 4-Nitrobenzyl 5(R9,6(S)-(1-(R}-acetoxyethyl})-3-(4-fluorophenoxy)-7-oxo- 4-thia-1-azabicyclo[3,2,0/hept-2- 15

ene-2-carboxylate

To a stirred solution of 100 mg of 4-nitrobenzy! 5(R})- 3-(4-fluorophenoxy)-6(S)-(1(R}-hydroxyethyl)-7-
oxo-4-thia- 1-azabicyclo[3,2,0]hept-2-ene-2-carboxylate in 3 ml of tetrahydrofuran at 0°C was added a so-
lution of 3 mg of dimethylaminopyridine in 0.5 ml of acetic anhydride. After 30 minutes, the reaction

20 mixture was warmed to room temperature, partitioned between ethyl acetate and water, the organic 20
layer was washed with saturated sodium bicarbonate solution and brine, dried over magnesium sul-
phate, and evaporated in vacuo to dryness. Chromatography over silica gel and elution with ethyl ace-
tate-hexane mixtures afforded 74 mg of the titte compound.

$ (CDCly)
25 1.40(3H,d,J = 6 Hz) 25
2.01 (3H, s}
3.80 {1H, dd, J = 1.5 Hz, 6 Hz)
4.99 -5.26 (1H, m)
5.29 (2H, q)
30 5.51(1H,d, J = 1.6 Hz) 30
6.87 -7.23 (4H, m)
7.34 -8.22 {4H, m)
Example 18

35 Potassium 5(R),6(S)-(1 (R)-acetoxyethyl}-3-(4-fluorophenoxy)- 7-axo-4-thia-1-azabicyclo[3,2,0/hept-2-ene-2- 35

carboxylate

47 mg of the above salt were obtained from 74 mg of the corresponding 4-nitrobenzyl carboxylate (see
Example 17) by a procedure analogous to that described in Example 11, using 14 mg of potassium bicar-
bonate and 100 mg of 10 % Pd on carbon. .

40 40
Example 19
4-Nitrobenzyl 2-[3(S)-(1R)-dimethyl-(2-methylprop-2-yl)-silyloxyethyl)-4(R}-ethylthio-azetidin-2-on-1-yl]-3-(4-
ethylthiophenoxy)-3-trimethylacetylthiopropenate

1.29 g of the above compound were obtained as an orange oil from 1.0 g of 4-nitrobenzyl 2-[3S-(1R-

45 dimethyi-(2-methyl-2-propyl)-silyloxyethyl)-4R-ethylthio-azetidin-2-on-yl]acetate by a procedure analogous 45
to that described in Example 4 using 1.47 g of 4-ethylthiophenyl! chiorothionoformate, 1.12 ml of mexa-
methyldisilazane, 5.31 mmol of n-butyllithium, and 0.77 mi of trimethylacetyl bromide.

Vmax (CDCL3} 1770 cm™t . S
3 (CDCL,)
50 0.01 (6H, s) 50
0.82, 0.88 (9H, 2s)
1.06, 1.10 (9H, 2s)
1.27 - 1.49 (9H, m)
2.37 - 3.07 (4H, m)
56 3.15'(1H, dd, J = 2 Hz and 4 Hz) 55

4.06 - 4.57 (1H, m)

5.25 (3H, bs)

6.89 - 7.22 (4H, m)

7.40, 8.03 (4H, AB, J = 8 Hz)
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Example 20
4-Nitrobenzyl 2-[4(R)-ethylthio-3(S)-(1(R)-hydroxyethyl)- azetidin-2-on- 1-yl]-3-(4-ethylthiophenoxy)-3-trime-
thyl- acetylthiopropenate
3.14 g of the above compound were obtained from 6.2 g of the corresponding 1R)-dimethyl-(2-methyl-
5 prop-2-yl)silyloxyethyl compound (defined in Example 19) by a procedure analogous to that described in
Example 5, using 6.3 ml of water and 69 mmols of concentrated hydrochloric acid.
Vemax {CDCIl; 1767 cm™?
$ (CDCl,)
1.05, 1.09 (9H, 2s)
10 1.10 -1.38 (9H, m)
2.54 -3.06 (4H, m})
3.23 (1H, dd, J = 2.0 and 4.0 Hz)
4.05 -4,32 (1H, m)
5.33 (3H, bs}

15  6.87 -7.40 (4H, m)

7.48 -8.26 (4H, m)

Example 21 .
4-Nitrobenzyl 2-[4(S)-chioro-3(S)-(1(R)-hydroxyethyl)- azetidin-2-on-1-yl]-3-(4-eth ylthiophenoxy)-3-trime-
20 thyl- acetylthiopropenate
2.26 g of the above compound were obtained as a pale yellow foam from 3.14 g of the corresponding
4(R)-ethylthio compound (defined in Example 20) by a procedure analogous to that described in Example
6. using 5.8 mmol of chlorine in carbon tetrachloride.
... (CDCI; 1730, 1780 cm ?
25 3 (CDCly)
1.03, 1.07 (9H, 2s)
1.27 (3H, t, J = 7Hz)
1.38 (3H, d, J = 6 Hz)
2.40 (1H, bs)
30 291(2H,q,J =7 Hz)
3.50 (1H, dd, J = 4 and 9 Hz}
4.03 -4.47 (1H, m)
5.28 (2H, s)
6.13 {1H, d, J = 4 Hz)
35 6.80-7.31 (4H, m)
7.38 -8.23 (4H, m)

Example 22
4-Nitrobenzyl 5(R)-3-(4-ethylthiophenoxy)-6(S)-(1{R)-hydroxyeth yl) -7-oxo0-4-thia-1-azabicyclo[3,2,0/hept-2-
40 ene-2-carboxylate
0.92 g of the above compound were obtained as a white crystalline solid from 2.26 g of the corre-
sponding 4(S)- chloro-3({S)-(1(R)-hydroxyethyl}-azetidinone derivative {defined in Example 21) by a proce-
dure analogous to that described in Example 7 using 7.25 mmol of imidazole.
Vonax (CDCl;) 1788 et
45 3 (CDCl,
1.29 -1.36 (6H, m)
2.94 (2H, q, J = 7.35 Hz)
3.74 (1H, dd, J = 1.1 and 6.4 Hz)
4.21 -4.26 (1H, m)
50 5.24,5.42 (2H, AB, J = 14 Hz)
5.61(1H,d, J = 1.1 Hz)
7.09 (2H, d, J = 8 Hz}
7.31 (2H, d, J = 8 Hz)
7.56 (2H, d, J = 8 Hz)
55 8.18(2H,d,J = 8 Hz)

tonn
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Example 23
4-Nitrobenzyl 5(R),6(S)-(1(R}-benzoyloxyethyl)-3-(4-cyanophenoxy)-7-oxo -4-thia010azabicyclo[3,2,0/hept-2-
ene-2-carboxylate
70 mg of the above compound were obtained from 100 mg of 4- nitrobenzy! 5(R)-3-(4-cyanophenoxy)-
5 6(S)-(1{R)-hydroxyethyl)- 7-oxo0-4-thia-1-azabicyclo[3,2,0]hept-2-ene-2-carboxylate by a procedure analo- 5
gous to that described in Example 17, using 1 ml of dry tetrahydrofuran, 1 ml of dimethylaminopyridine,
33 mg of benzoyl anhydride and 18 g of pyridine.
3 (CDCl,
1.3(3H,d, J = 6 Hz)
10 3.95(1H, dd, J = 1.5 and 6 Hz) 10
5.29 (3H, m)
5.8 (1H, d, J = 1.5 Hz)
7.0 -8.2 (13H, m)
15 Example 24 15
Potassium 5(R),6(S)-{1(R)-benzoyloxyethyl}-3-(4-cyano- phenoxy)-7-oxo-4-thia-1-azabicyclo(3,2,0]hept-2-
ene- 2-carboxylate
48 mg of the above salt were obtained from 65 mg of the corresponding 4-nitrobenzyl carboxylate (see
Example 23) by a procedure analogous to that described in Example 11, using 11.4 mg of potassium
20 bicarbonate. 20
Example 25
4-Nitrobenzyl 5(R),6(S)-{1(R)-acetoxyethyl}-3-(4-cyano- phenoxy)-7-oxo-4-thia-1-azabicyclo[3,2,0lhept-2-
ene- 2-carboxylate
25 Using a procedure analogous to that described in Example 17, 122 mg of the title compound were 25
obtained from 150 mg of 4- nitrobenzyl 5(R),3-(4-cyanophenoxy)-6(S}- {1(R)-hydroxyethyl}-7-oxo-4-thia-1-
azabicyclo[3,2,0] hept-2-ene-2-carboxylate using 600 pl of acetic anhydride, 20 mg of dimethylaminopyri-
dine and 5 ml of dry tetrahydrofuran.
Vmax {CDCly) 2240, 1795 and 1720 cm-™*
30 5 (CDCL) 30
1.43 (3H, d, J = 6.4 Hz)
2.05 (3H,s)
3.96 (1H, dd, J = 1.5 and 7.6 Hz)
5.22 and 5.38 (2H, AB J = 13.6 Hz)
35 5.29 (1H, m) 35
5.70 (1H, d, J = 1.5 Hz)
7.22 (2H, d, J = 8.9 Hz)
7.52 (2H, J = 8.8 Hz)
7.69 (2H, d, J = 8.9 Hz)
40 8.20 (2H, d, J = 8.8 Hz) 40
Example 26
Potassium 5(R)-,6(S)-{(R}-acetoxyethyl}-3- 4-cyanophenoxy) 7-ox0-4-thia-1-azabicyclo[3,2,0/hept-2-ene-2-
carboxylate
45 71 mg of the above salt were obtained from 106 mg of the corresponding 4-nitrobenzy! ester (see ex- 45
ample 25) by a procedure analogous to that described in Example 11, using 21 mg of potassium bicar-
bonate, 106 mg of 10 % palladium on carbon, 5 ml of dioxan, and 5 ml of water.
3 (D,0)
1.42 (3H, d, J = 6.5 Hz)
50 2.17 (3H, s) 50
4,27 (1H, dd, J = 1.5 and 5.3 Hz)
5.35 (1H, m)
5.87 (1H, d, J = 1.5 Hz)
7.40 (2H, d, J = 9 Hz)
65 7.87 (2H,d, J = 9 Hz) 55
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Example 27
4-Nitrobenzy! 5(R),6(S)-{1(R)-(cyclopropylcarbonyloxy)- ethyl}-3-(4-methylsulphinylphenoxy)-7-oxo-1-azabi-
cyclo[3,2,0] hept-2-ene-2-carboxylate.
A mixture of 100 mg of 4-nitrobenzyl 5(R),6(S)-(1R- hydroxyethyl)-3-(4-methyisulphinylphenoxy}-7-oxo-
5 1-azabicyclo [3,2,0]hept-2-ene-2-carboxylate, 500 mg of cyclopropane carboxylic anhydride, 16 mg of pyri-
dine, 5 mg of 4-N,N-dimethylaminopyridine and 3 ml of tetrahydrofuran was stirred at room temperature
for one hour, was then evaporated in vacuo at 0°C, and partitioned between ethyl acetate and water. The
organic layer was washed with water, was dried Na,SO,, was evaporated /n vacuo and chromatographed
on silica gel. Elution with ethyl acetate/hexane mixtures afforded 73 mg of the title compound as a pale
10 oil.
Vimae (CDCl3) 1797 cm ?
3 (CDCl,) 0.8 — 1.2 (4H, m)
1.35 (3H, d, J = 7 Hz)
1.35 -1.8 {1H, m)
15 273 (3H, s)
3.81 (1H, dd, J = 1.5 Hz and 6 Hz)
3.85 -4.4 {1H, m)
5.31 (2H, d + d, J,om = 14 Hz)
5.73 (1H, d, J = 1.5 Hz)
20 7.1-8.3(8H, m)

Example 28
4-Nitrobenzyl 5(R),6(S)-(1R-methoxyacetoxyethyl)-3-(4- meth ylsulphinylphenoxy)-7-oxo-4-thia-1-azabicy-
¢lo[3,2,0/hept -2-ene-2-carboxylate
25 By a procedure analogous to that described in Example 27 and using 100 mg of the corresponding
hydroxyethylpenem, 500 mg of methoxyacetic anhydride, 16 mg of pyridine, 5 mg of 4-N,N- dimethylam-
inopyridine and 3 mi of tetrahydrofuran there were obtained 33 mg of the title compound.
Vo (CDCL,) 1797, 1745 cm ?
3 (CDCl,)
30 1.34(3H,d,J =7 Hz)
2.73 (3H, s)
3.47 (3H, s)
3.75 (2H, s)
3.80 (1H, dd, J = 1.5 Hz and 6 Hz)
36 3.9-44(1H, m)
5.31 (2H, d + d, Joem = 14 Hz)
5.74 (1H, d, J = 1.5 Hz)
7.1-8.3 (8H, m)

40 Example 29
4-Nitrobenzyl 5(R),3-{4-methylsulphinylphenoxy)-7-0x0-6(S)- { 1(R)-(p-toluoyloxylethyl}-4-thia-1-azabicy-
clo[3,2,0] hept-2-ene-2-carboxylate
To a solution of 100 mg of the corresponding hydroxyethylpenem in 1 ml of dichloromethane at 0° was
added 5 mg of 4-dimethylaminopyridine, 87 ul of 4-toluoyl chloride and 54 pl of pyridine. The mixture
45 was warmed to room temperature, was stirred for one hour and then evaporated in vacuo. Chromatogra-
phy of the residue over silica gel, and elution with hexane -ethyl acetate mixtures afforded 34 mg of the
title compound as an oily solid.
Vimax (CDCl,) 1788, 1727 cm™
3 (CDCl,)
50 1.34(3H,d,J = 6 Hz)
2.43 (3H, s)
2.73 (3H, s)
3.74 (1H, dd, J = 1.5 Hz and 5.7 Hz)
5.34 (3H, m including Jg.mn= 13.7 Hz)
65 5.61(1H,d, J = 1.5 Hz)
7.0 -8.3 (12H, m)

Example 30
Potassium 5(R),3-(4-methylsulphinylphenoxy)-7-oxo-6(S)- {1(R)-{p-toluoyloxy)ethyl}-4-thia-1-azabicy-
60 ¢/o/3,2,0] hept-2-ene-2-carboxylate.

A mixture of 30 mg of the corresponding 4-nitrobenzyl penem, 4.8 mg of KHCO,, 2 ml of dioxane, 2 ml
water and 30 mg of 10 % palladium on charcoal was hydrogenated at 50 psi with vigorous shaking for 1
hour. The mixture was then filtered through ““Hiflo” (Trade Mark, diatomaceous earth) and the filter cake
was washed well with water, The filtrate was lyophilised to afford 20 mg of the title compound.
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Example 31
Potassium 5(R),6(S)-{1(R)-(cyclopropylcarbonyloxy)ethyl}- 3-(4-methyisulphinylphenoxy)-7-oxo-1-azabicy-
clo[3,2,0lhept- 2-ene-2-carboxylate.

By a procedure analogous to that described in Example 30, using 50 mg of the corresponding 4-nitro-
benzyl ester, 8.7 mg of KHCO,, 2 ml dioxan, 2 mi water, and 50 mg of 10 % palladium on charcoal, there
were obtained 35 mg of the title compound.

Example 32
Potassium 5(R),6(S)-(1R-methoxyacetoxyethyl)-3-(4-methyl- sulphinylphenoxy)-7-oxo-4-thia-1-azabicy-
clo[3,2,0/hept- 2-ene-2-carboxylate.

By a process analogous to that described in Example 30, using 35 mg of the corresponding 4-nitroben-
zyl ester, 6.1 mg of KHCO;, 2 ml of dioxan, 2 m! of water, 30 mg of 10 % palladium on charcoal, there
were obtained 28 mg of the title compound.

Example 33
4-Nitrobenzyl 5R,6S-(1R-hydroxyethyl)-3-(2-methylsulphonyl- 3-thienyloxy)-7-oxo-4-thia-1-azabicy-
clo[3,2,0]/hept-2- ene-2-carboxylate

To a stirred solution of 300 mg of 4-nitrobenzyl 5R,- 6S-{1R-hydroxyethyl)-3-(2-methylsulphinyl-3-thien-
yloxy)- 7-oxo0-4-thia-1-azabicyclo[3,2,0]hept-2-ene-carboxylate in ethylacetate at —40°C was added a solu-
tion of 0.59 mmol of m-chloroperoxybenzoic acid in ethylacetate. After 30 minutes the reaction mixture
was warmed to room temperature and washed with saturated sodium bicarbonate, with brine, dried over
MgSQ,, and then evaporated to dryness. Chromatography over silica gel and elution with hexane ethyla-
cetate mixtures afforded the title compound (564 mg) as a yellow foam.

Ymaxl CDCl,) 1790, 1797 (sh), 1525 cm™?

3 (CDCL,)

1.37 (3H, d, J = 6.3Hz)

1.57 (1H, bs)

3.28 (3H, s)

3.86 (1H, dd, J = 1.4 and 6.5Hz)

4.21-4.36 (1H, m)

5.24, 5.48 (2H, AB, J = 14Hz)

5.72 (1H, d, J = 1.4Hz)

6.98 (1H, d, J = 5.3Hz)

7.564-7.68 {(3H, m)

8.20 (2H, d, J,s = 8.8Hz)

Example 34
Potassium 5R,6S5-(1R-hydroxyethyl)-3-(2-methylsulphonyl-3-thieny! oxy)-7-oxo-4-thia-1-azabicy-
clo[3,2,0/hept-2-ene-2-carboxyl ate

40 mg of the above salt were obtained from 50 mg of the corresponding 4-nitrobenzy! carboxylate (see
Example 33) by a procedure analogous to that described in Example 11 using 9.6 mg of potassium bicar-
bonate.

3 (D,0)

1.27 {3H, d, J = 6.4Hz)

3.41 (3H, s)

3.97 (1H, dd, J = 1.4Hz and 6Hz)

4.18-4.32 (1H, m)

5.72 (1H, d, J = 1.3Hz)

7.19 (1H, d, J = 5.5Hz)

7.85 (1H, d, J = 5.5Hz)
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Example 35
4-Nitrobenzyl 5(R}-3-(4-ethylsulphinylphenoxy]-6(S)-(1(R)- hydroxyethyl)-7-oxo-4-thia-1-aza-bicy-
clo[3,2,0]hept- 2-ene-2-carboxylate

382 mg of the above compound were obtained from 525 mg of the corresponding 4-ethylthiophenoxy
compound {defined in Example 22} by a procedure analogous to-that described in Example 8, using 0.17
mmol of 3-chloroperoxybenzoic acid.

d (CDCI,)

1.20 (3H, t, J = 7.4Hz)

1.38 (3H, d, J = 6.3Hz)

1.58 (1H, bs)

2.76, 2.91 (2H, ABq J = 7.4 Hz, J.s = 14Hz)

3.80 {1H, dd, J = 1.3 and 6.7Hz)

4.26-4.32 (1H, m)

5.23, 5.44 (2H, AB J = 14Hz)

5.69 {1H, d, J = 1.3Hz)

7.30 (2H, d, J = 8.6Hz)

7.55 (2H, d, J = 8.6Hz)

7.63 (2H, d, J = 8.7Hz)

8.19 (2H, d, J = 8.7Hz}

Example 36
Potassium 5R,6S-(1R-Hydroxyethyl)-3-(2-methylsulphinyl-3-thienyl- oxy)- 7-oxo-4-thia-1-azabicy-
clof3,2,0]hept-2-ene-2-carboxyl ate

44 mg of the above salt were obtained from 72 mg of the corresponding 4-nitrobenzy! carboxylate (see
Example 8) by a procedure analogous to that described ‘in Example 11 using 14.1 mg of potassium bicar-
bonate.

5 (D,0) (mixture of a-and B-sulphoxides)

1.28 (3H, d, J = 6.3Hz2)

3.09 (3H, s

3.98 (1H, dd, J = 1.5 and 6Hz)

4.18-4.34 (1H, m)

571 (1H, d, J = 1.5Hz)

7.22 (1H, 2d, J = 5.4Hz)

7.86 (1H, d, J = 5.4Hz)

Example 37
4-Nitrobenzyl 5(R)-3-(4-cyanophenoxy)-6(S)-{ 1(R)-hexanoyloxyethyl}-7-oxo- 4-thia-1-azabicyclo3,2,0]/hept-
2-ene-2-carboxylate

143 mg of the above compound were obtained from 1565 mg of 4- nitrobenzy! 5R-3-(4-cyanophenoxy)-
6S-(1R-hydroxyethyl)-7- oxo-4-thia-1-azabicyclo(3,2,0lhept-2-ene-2-carboxylate by a procedure analogous
to that described in Example 17 using 0.75 ml of hexanoic anhydride, 5 ml of tetrahydrofuran and 20 mg
of 4-dimethylaminopyridine.

YVeeax 1795 and 1720 cm

3 (CDCl,}

0.87 (3H, m)

1.28 (4H, m)

1.44 (3H, d, J = 6.4Hz)

1.60 (2H, m)

2.29 (2H, m)

3.93 (1H, dd, J = 1.5Hz)

5.20-5.41 (3H, m)

5.69 (1H, d, J = 1.5Hz}

7.22 (2H, d, Jag = 9Hz)

7.52 (2H, d, Jae = 9H2)

7.67 (2H, d, J.s = 8.8Hz)

8.19 (2H, d, J.s = 8.8Hz}
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7.2-7.4 (7H, m)

7.561 (2H, d, J = 8.7Hz)
7.67 (2H, d, J = 9Hz)
8.19 (2H, s, J = 8.8Hz)
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Example 38
Potassium 5(R) 3-(4-cyanophenoxy)-6(S)-(1(R}-hexanoyloxy- ethyl)-7-oxo-4-thia-1-azabicyclo[3,2,0]hept-2-
ene-2- carboxylate
87 mg of the above salt were obtained from 127 mg of the corresponding 4-nitrobenzyl carboxylate
5 {see Example 37) by a procedure analogous to that described in Example 11 using 22 mg of potassium 5
bicarbonate and 100 mg of 10 % Pd on carbon.
0.90 (3H, m}
1.33 {4H, m)
10 1.41(3H,d, J = 6.4Hz2) 10
1.65-2.19 (4H, m)
4.25 (1H, dd, J = 1.3Hz and 5.5Hz)
5.35 (1H, m}
5.86 (1H, d, J = 1.3Hz)
15 7.38 (2H, d, Jss = 8.8Hz) 15
7.85 (2H, d, J,s = 8.8Hz)
Example 39
4-Nitrobenzy! 5(R),3-(4-cyanophenoxy)-6(S}-(1-(RJ-toluoyloxyethyl)-7-oxo-4- thia-1-azabicyclo[3,2,0]/hept-2-
20 ene-2-carboxylate 20
154 mg of the above compound were obtained from 150 mg of 4- nitrobenzyl 5R,3-(4-cyanophenoxy}-
6S-(1R-hydroxyethyl)-7- oxo-4-thia-1-azabicyclo[3,2,0lhept-2-ene-2-carboxylate by a procedure analogous
to that described in Example 17 using 0.95 g of toluic anhydride, 5 ml of tetrahydrofuran and 20 mg of 4-
dimethylaminopyridine.
25 3 (CDCl,) 25
1.56 (3H, d)
2.41 (3H, s}
4.08 (1H, dd, J = 1.56Hz and 7.2Hz)
5.30 {2H, q)
30 5.53(1H, m) 30
5.83 (1H, d, J = 1.5Hz)
7.18-8.16 (12H, m)
Example 40
35 Potassium 5(R), 3-(4-cyanophenoxy)-6(S)-(1(R)-toluoyloxy-ethyl)- 7-oxo-4-thia-1-azabicyclo[3,2,0]hept-2- 35
ene-2-carboxylate
105 mg of the above salt were obtained from 154 mg of the corresponding 4-nitrobenzyl carboxylate
(see Example 39) by a procedure analogous to that described in Example 11, using 26 mg of potassium
bicarbonate and 150 mg of 10% Pd on carbon.
40  §(D,0) 40
1.46 (3H, d, J = 6.5Hz)
2.38 (3H, s)
4.31 (1H, dd, J = 1.3Hz and 5.3Hz)
5.52 (1H, m)
45 5091 (1H, d, J = 1.3Hz) 45
7.27-7.95 (8H, m)
Example 41
4-Nitrobenzy! 5(R),6(S)-(1(R)-(N-benzyloxycarbonylamino acetoxy) ethyl}-3-(4-cyanophenoxy)-7-oxo-4-thia-
50 7-aza-bicyclof3,2,0] hept-2-ene-2-carboxylate 50
140 mg of the above compound were obtained as an oil from 150 mg of 4-nitrobenzyl 5R,3-(4-cyano-
phenoxy)-6S-(1R-hydroxyethyl)- 7-oxo-4-thia-1-azabicycio[3,2,0}hept-2-ene-carboxylate by a procedure
analogous to that described in Example 17 using 900 mg of N-{(benzyloxycarbonyl)glycine anhydride, 5
ml of dry THF and 20 mg of 4-dimethylamino-pyridine.
55  3(CDCI,) 55
1.45 (3H, d, J = 6.4Hz)
3.90 (2H, m)
5.10 (2H, s)
) 5.29 (2H, AB, J = 14Hz)
60 567 (2H,d,J = 1Hz) 60
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Example 42
5(R),6(S)-(1(R)-(Aminoacetoxylethyl)-3-(4-cyanophenoxy)-7- Joxo-4-thia-1 -azabicyclo[3,2,0/hept-2-ene-2-car-
boxylic acid
75 mg of the above amino acid were obtained from 140 mg of the corresponding 4-nitrobenzyl 6-(N-
5 benzyloxy- carbonylaminoacetoxyethyl}-3-(4-methylsulphinylphenoxy)-7- oxo-4-thia-1-azabicy-
clo[3,2,0lhept-2-ene-2-carboxylate (described in Example 41) by a procedure analogous to that described
in Example 11, but using no potassium bicarbonate.

Example 43
10 Potassium 5(R),3-(4-ethylsulphinylphenoxy)-6(S)-(1(R)- hydroxyethyl)-7-oxo-4-thia-1-azabicy-
clof3,2,0cbhept-2-ene- 2-carboxylate
39 mg of the above compound were obtained from 54 mg of 4- nitrobenzyl 5(R),3-(4-ethylsulphinyl-
phenoxy)-6(S)- {1(R}-hydroxyethyl)-7-oxo-4-thia-1-azabicyclo[3,2,0]hept- 2-ene-2-carboxylate {described in
Example 35) by a procedure analogous to that described in Example 11 using 10.4 mg of potassium bi-
15 carbonate and 100 mg of 10% palladium on carbon.
3(D,0)
1.14 (3H, t,J = 7.3Hz)
1.29 (3H, d,J = 6.4Hz)
3.0-3.1 (2H, m)
20 3.95{1H, dd,J = 1.0 and 6.2Hz)
4.32 (1H, m)
5.71 {(1H, d,J = 1.0Hz)
7.42 and 7.70 (4H, AB J = 9Hz)

25 Example 44
4-Nitrobenzy! 5(R),6(S)-(1({R)-hexanoyloxyethyl}-3(4-methyl- sulphinylphenoxy)-7-oxo-4-thia-1-azabicy-
clof3,2,0lhept-2- ene-2-carboxylate
104 mg of the above compound were obtained as an oil from 150 mg of 4-nitrobenzy! 5(R),6(S)-(1(R)-
hydroxyethyl)-3- (4-methylsulphinylphenoxy)-7-oxo-4-thia-1-azabicyclo-[3,2,0] hept-2-ene-2-carboxylate by
30 a procedure analogous to that described in Example 9, using 347 ul of hexanoic anhydride, 5 ml of dich-
loromethane, and 10.3 mg of 4-dimethylaminopyridine.
v max {CDCl,) 1795, 1740 (sh) and 1720 cm
3 (CDCly)
0.84-0.89 (3H, m}
35 1.23-1.29 {4H, m)
1.42 (3H, d,J = 6.4Hz)
1.563-1.65 {2H, m)
2.25-2.32 (2H, m)
3.93(1H, dd, J = 1.4 and 7.5Hz)
40 5.25(1H, d, J = 14Hz)
5.27-5.35 (1H, m)
543 (1H, d, J = 14Hz
5.67 (1H, d, J = 1.4Hz
7.32 (2H, d, J = 9Hz
45 756 (2H,d,J = 8.7Hz
7.68 (2H, d, J = 8.7Hz
8.19 (2H, d, J = 8.8Hz

Example 45
50 potassium 5(R), 6(S)-(1(R)-hexanoyloxyethyl)-3-(4-methylsulphinyl- phenoxy)-7-oxo-4-thia-1-azabicyclo
[3,2,0/hept-2-ene-2- carboxylate
65 mg of the above salt were obtained from 100 mg of the corresponding 4-nitrobenzyl carboxylate (as
defined in Example 44) by a procedure analogous to that described in Example 11, using 16.6 mg of
potassium bicarbonate and 100 mg of 10 % palladium on charcoal.
55 1.23-1.28 (4H, m)
1.34 (3H, d, J = 6.5Hz)
1.53-1.64 (2H, m)
2.38 (2H, t, J = 7Hz)
2.86 (3H, s)
60 4.18 (1H, dd, J = 1.0 and 5.2Hz)
5.26-5.31 (1H, m)
5.78 (1H, d, J = 1.0Hz)
7.41, 7.75 (4H, AB, J = 8.7Hz)
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Example 46
2-Cyanothien-3-yl chlorothionoformate

17.7 g of the above compound were obtained as an oil by a procedure analogous to that described in
Example 3 using 14.23 g of 2-cyano-3-hydroxythiophene, 17 ml of thiophosgene and 4.565 of sodium hy-
droxide.

NMR 3 (CDCL,)

7.04 (1H, d, J = 5,6Hz)

7.64 (1H, d, J = 5.5Hz)

Example 47
4-Nitrobenzyl 3-(2-cyanothien-3-yloxy)-2-(3(S)-[1(R)-di- methy/-(2-methyiprop-2-yl)silyloxyethyl]-4(R)-ethyl-
thio- azetidin-2-on-1-yl}-3-trimethylacetylthio-propenoate

4.1 g of the above compound were obtained by a procedure analogous to that described in Example 4

-using 5 g of the azetidinone starting material defined in Example 4, 3.25 g of 2- cyancthien-3-y! chloro-

thionoformate, 6.5 ml of hexamethyl- disilazane and 18.2 ml of n-butyllithium, and 5 ml of trimethylacetyl
bromide.

v max {CDCl,) 1775 and 1735 cm~1

NMR of $(CDCl,)

0.04, 0.05 (6H, 2s)

0.80, 0.86 (9H, 2s)

1.08, 1.18 (9H, 2s)

1.26 (6H, m)

2.70 (2H, m)

3.21 (1H, m)

4.25 (1H, m)

5.205.42 (3H, m)

6.86-8.25 (6H, m)

Example 48
4-Nitrobenzyl 3-(2-cyanothien-3-yloxy)-2-[3(S)-(1(R)- hydroxyethyl)-4(R}-ethylthio-azetidin-2-on-1-yl]-3-tri-
methylacetylthio-propenoate
1.41 g of the above compound were obtained from 4.1 g of the corresponding 1(R)-dimethyl-(2-methyl-
prop-2-yl}-silyloxyethyl compound (see Example 47) by a procedure analogous to that described in Exam-
ple 5, using 4.1 ml of water and 4.1 ml of concentrated hydrocloric acid.
Y maxtfilm) 1770 and 1735 cm
NMRS(CDCl,)
1.14, 1.20 (9H, 2s)
1.28 (6H, m)
1.62 (1H, broad}
2.73 (2H, m)
3.29 (1H, m)
4.25 (1H, m)
5.33 (3H, bs)
6.82-7.46 (2H, m)
7.48-8.25 (4H, m)

10

15

20

25

30

35

40

45



28 GB 2160865 A

28

Example 49
4-Nitrobenzyl 3-(2-cyanothien-3-yloxy)-2-[3(S)-{1(R)- hydroxyethyl} -4(S}-chloro-azetidin-2-on-1-yl)-3-tri-
methylacetylthio-propenoate
1.67 g of the above compound were obtained by a process analogous to that described in Example 6
5 using 2.31 g of the 1(R)-hydroxyethylazetidinone derivative defined in Example 48 and a solution of 4.1
mmol of chlorine in 5.2 ml of carbon tetrachloride. The product is isolated as a mixture of E and Z iso-
mers, observed as double peaks in the nmr spectrum.
Ymaelfilm) 1785 and 1735 cm™
NMR 8 (CDCl,)
10 1.10, 1.16 (9H, 2s)
1.41, 1.46 (3H, 2d, J = 6Hz)
1.60 (1H, s)
3.58 (1H, 2dd)
4.38 (1H, m)
15 5.33, 5.35 (2H, 2s)
6.14, 6.19 (1H, 2d, J = 4.3Hz)
6.86-8.26 (6H, m)

Example 50
20 4-Nitrobenzy! 5(R),6(S)-(1(R)-hydroxyethyl)-3-(2-cyanothien- 3-yloxy)-7-oxo-4-thia- 1-azabicyclo[3,2,0/hept-2-
ene-2- carboxylate
114 mg of the above compound were obtained by a procedure analogous to that described in Example
7 using 275 mg of the product of Example 49 and 70 mg of imidazole.
v ~aulfilm) 1790 and 1715 cm *
25 B3(CDCl,)
1.38 (3H, d, J = 6.4Hz}
1.59 {1H, broad}
3.87 (1H, dd, J = 1.5Hz and 6.6Hz)
4.29 (1H, m)
30 5.33(2H, q)
576 (1H, d, J = 1.5Hz)
6.93 (1H, d, J = 5.5Hz)
7.53 (3H, m)
8.21 (2H, d, J,s = 8.8Hz)
35
Example 51
4-Nitrobenzyl 5(R), 3-(2-cyanothien-3-yloxy)-6(S)-{1(R)- ethoxyacetoxyethyl}-7-oxo-4-thia-1-azabicyclof3,2,0]
hept-2-ene-2-carboxylate
123 mg of the above compound were obtained from 178 mg of the corresponding 1(R)-hydroxyethy!
40 compound (defined in Example 35) by a procedure analogous to that described in Example 17, using
630 pl of hexanoic anhydride, 8 ml of dichloromethane and 25 mg of dimethylaminopyridine.
3(CDCL,)
1.25 (3H, m)
1.51 (3H, d, J = 6.4Hz)
45 3.63 (2H, m)
4.03 (1H, dd, J = 1.5Hz and 6.4Hz)
4.10 (2H, s)
5.24-5.44 (3H, m)
5.74 (1H, d, J = 1.5Hz)
50 6.93-8.26 (6H, m)
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Example 52
4-Nitrobenzyl 5(R), 3-(2-cyanothien-3-yloxy)-6(SJ-(1(R)- phenylacetoxyethyl)-7-oxo-4-thia-1-azabicy-
clo[3,2,0/hept- 2-ene-carboxylate
3.5 mg of the above compound were obtained from 5 mg of the corresponding 1(R)-hydroxy com-
5 pound (see Example 50) by a procedure analogous to that described in Example 17, using 25 mg of
phenylacetic anhydride, 2 ml of dichloromethane and 0.5 mg of dimethylaminopyridine.
3(CDCl,)
1.41 (3H, d, J = 6.6Hz)
3.61 {2H, m)
10 3.94 (1H, dd, J = 1.6Hz and 7.7Hz)
5.22-5.43 (3H, m)
5.55 (1H, d, J = 1.6Hz)
6.89 (1H, d, J = 5Hz)
7.561 (3H, m)
16  8.20 (2H, d, J,s = 8.8Hz)

Example 53
Potassium 5(R),3-(2-cyanothien-3-yloxy)-6(S)-(1(R)-{phenyl- acetoxy}ethyl)-7-ox0-4-thia-1-aza-bicy-
clo[3,2,0]/hept- 2-ene-2-carboxylate
20 2.5 mg of the above compound were obtained from 3.3 mg of the corresponding 4-nitrobenzyl carbox-
ylate (defined in Example 52) by a procedure analogous to that described in Example 11, using 0.4 mg of
potassium bicarbonate.
3(D,0)
1.38 (3H, d,J = 6.5Hz)
25 3.60 (2H, s)
4.08 (1H, dd,J = 1.6 Hz and 7.7Hz)
5.30 (1H, m)
5.85 {1H, 3d,J = 1.6Hz)
7.10 (1H, d,J = 5Hz)
30 7.87 (1H, d,J = 5Hz)

Example 54
4-Nitrobenzyl 5(R), 3-(2-cyanothien-3-yloxy)-6(S}-(1(R)- trifluoroacetoxyethyl)-7-oxo-4-thia-1-azabicy-
clo[3,2,0]- hept-2-ene-2-carboxylate
35 2.9 mg of the above compound were obtained from 5 mg of the corresponding 1(R)-hydroxy com-
pound (see Example 50) by a procedure analogous to that described in Example 17, using 15 pl of trifiuo-
roacetic anhydride, 2 mi of dichloromethane and 0.5 mg of dimethylaminopyridine.
3(CDCl,)
1.58 (3H, d, J = 6.4Hz)
40 4.11 (1H, dd, J = 1.5Hz and 7Hz)
5.28-5.45 (3H, m)
5.74 (1H, d, J = 1.5Hz)
6.93 (1H, d, J = 5.6Hz)
7.28-8.23 (5H, m)
45
Example 55
4-Nitrobenzyl! 5(R),6(S)-(1(R)-(4-chlorobenzoyljoxyethyl)- 3-(2-cyanothien-3-yloxy)-7-oxo-4-thia-1-azabicy-
¢lof3,2,0]- hept-2-ene-2-carboxylate
3.1 mg of the above compound were obtained from 5 mg of the corresponding 1(R)-hydroxy com-
80 pound (see Example 50) by a procedure analogous to that described in Example 17, using 30 mg of 4-
chlorobenzoic anhydride, 5 mi of dichloromethane and 0.5 mg of dimethylaminopyridine.
. 8(CDCl,)
1.65 (3H, d, J = 6.4Hz)
4.12 (1H, dd, J = 1.5Hz and 6.8Hz)
55  5.26, 5.40 (2H, AB, J = 14Hz)
5.5 (1H, m)
5.86 {1H, d, J = 1.5Hz)
6.93 (1H, d, J = 5.5Hz)
7.33-8.20 (9H, m)
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Example 56
4-Nitrobenzyl 5(R), 3-(2-cyanothien-3-yloxy)-6(S)-1(R)- cyclopentylacetoxyethyl)-7-oxo-4-thia-1-azabicy-
clo[3,2,0]- hept-2-ene-2-carboxylate
3.4 mg of the above compound were obtained from 5 mg of the corresponding 1(R)-hydroxy com-
5 pound (see Example 50) by a procedure analogous to that described in Example 17, using 25 mg of cy- 5
clopentylacetic anhydride, 2 ml of dichloromethane and 0.5 mg of dimethylaminopyridine.
3(CDCl,)
1.1-2.2 (9H, m)
1.41 (3H, d, J = 6.4Hz)
.10 2.31(2H, ~d, J ~Hz) 10
3.98 (1H, dd, J = 1.6Hz and 7.3Hz)
5.24, 5.33 (2H, AB, J = 13.7Hz)

5.30 {1H, m)
5.73 (1H, d, J = 1.6Hz) .
15 6.92 (1H, d, J = 5.5Hz) 15
7.52 {1H, d, J = 5.5Hz)
7.55 (2H, d, J = 8.8Hz)
8.20 (2H, d, J.g = 8.8Hz)
20 Example 57 20

4-Nitrobenzyl 5(R), 3-(2-cyanathien-3-yloxy)-6(S)-(1(R)- cyclopropylcarbon yloxyethyl)-7-0xo-4-thia-1-azabi-
cyclo [3,2,0/hept-2-ene-2-carboxylate
23. mg of the above compound were obtained from 5 mg of the corresponding 1(R)-hydroxy com-
pound (see Example 50) by a procedure analogous to that described in Example 17, using 6 mg of cyclo-
25 propanecarboxylic anhydride, 2 ml of dichloromethane and 0.5 mg of dimethylaminopyridine. 25
S(CDCl,)
0.83-1.33 (4H, m})
1.42 (3H, d, J = 6Hz)
1.70 (1H,m)
30 4.01(1H, dd, J = 1.5Hz and 7Hz) 30
5.24-5.35 {3H, m}
5.73 {1H, d, J = 1.5Hz)
6.93 (1H, d, J = 5.56Hz)
7.55 (3H, m)
35 8.20 (2H, d, Ju = 8.8Hz) 35

Example 58
4-Nitrobenzyl 5(R),6(S)-(1(R)-acetoxyethyl)-3-(2-cyanothien- 3-yloxy)-7-oxo-4-thia- 1-azabicyclo[3,2,0/hept-2-
ene-2- carboxylate
40 75 mg of the above compound were obtained from 100 mg of the corresponding 1(R)-hydroxy com- 40
pound (see Example 50) by a procedure analogous to that described in Example 17, using 0.4 mi of
acetic anhydride, 10 ml of dichloromethane and 15 mg of dimethylaminopyridine.
3(CDCl,)
1.42 (3H, d, J = 6.4Hz)
45 2.06 (3H, s) 45
4.00 (1H, dd, J = 1.6Hz and 7.5Hz)
5.21-5.45 (3H, m)
5.73 (1H, d, J = 1.6Hz)
6.92 (1H, d, J = 5.5Hz)
50 7.52 (3H, m) 50
8.21 (2H, d, J.s = 8.8Hz)
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Example 59
Potassium 5(R),6(S)-(1{R}-acetoxyethyl)-3-{2-cyanothien-3- yloxy)-7-0x0-4-thia-1 -azabicyclof3,2,0/hept-2-
ene-2- carboxylate
35 mg of the above salt were obtained from 70 mg of the corresponding 4-nitrobenzy! carboxylate (see
Example 58) by a procedure analogous to that described in Example 11, using 13.6 mg of potassium
bicarbonate and 70 mg of 10% Pd on carbon.
3(DMSO)
1.27 (3H, d, J = 6Hz)
2.02 (3H, s)
4.10 (1H, m)
5.12 (1H, m)
571(1H,d, J
7.10 (1H, d, J
7.96 (1H, d, J

.3Hz)
bhz)
.5Hz)

non

1
5
5

I

Example 60
Potassium 5(R),3-(2-cyanothien-3-yloxy)-6(S)-{1(R)-tri- fluoroacetoxyethyl}-7-oxo-4-thia-1-azabicy-
clo(3,2,0/hept- 2-ene-2-carboxylate

2 mg of the above compound were obtained from 2.9 mg of the corresponding 4-nitrobenzyl carboxy-
late (defined in Example 54) by a procedure analogous to that defined in Example 11, using 0.5 mg of
potassium bicarbonate and 2 mg of 10% palladium on carbon.

Example 61
Potassium 5(R),3-(2-cyanothien-3-yloxy)-6(S)-{1(R}-(2- ethoxyacetoxy)ethyl}-7-0xo0-4-thia-1-azabicyclo[3,2,0]
hept-2-ene-2-carboxylate

2 mg of the above compound were obtained from 2.9 mg of the corresponding 4-nitrobenzy! carboxy-
late (defined in Example 51) by a procedure analogous to that defined in Example 11, using 0.5 mg of
potassium bicarbonate and 2 mg of 10% palladium on carbon.

Example 62
4-Nitrobenzyl 5(R),3-(2-cyanothien-3-yloxy)-6(S)-(1(R)- cyclopropylcarbonyloxyethyl}-7-oxo-4-thia-1-aza-bi-
cyclo [3,2,0]hept-2-ene-2-carboxylate

2.1 mg of the above compound were obtained from 3.1 mg of the corresponding 4-nitrobenzyl! carbox-
ylate {defined in Example 57) by a procedure analogous to that described in Example 11, using 0.4 mg of
potassium bicarbonate.

3(D,0)

0.79-1.35 (4H, m)

1.38 (3H, d,J = 6Hz)

1.70 (1H, m)

4.21 (1H, dd,J = 1.5Hz and 7Hz)

5.30 (1H, m)

5.85 (1H, d,J = 1.5 Hz)

7.18 (1H, d,J = 5.5Hz)

7.85 (1H, d,J = 5.6Hz)

Example 63
Potassium 5(R),3-(2-cyanothien-3-yloxy)-6(S})-(1(R)- {cyclopentylacetoxy}ethyl)-7-oxo0-4-thia-1-aza-bicyclo
[3,2,0]/hept-2-ene-2-carboxylate

2.5 mg of the above compound were obtained from 3.3 mg of the corresponding 4 nitrobenzy! carbox-
ylate (defined in Example 56) by a procedure analogous to that described in Example 11, using 0.4 mg of
potassium bicarbonate.

3(D,0)

1.1-2.2 (9H, m)

1.41 (3H, d,J = 6.4Hz)

2.30 (2H, m)

4.11 (1H, dd,J = 1.6Hz and 7.3Hz)

5.30 (1H, m)

5.85 (1H, d,J = 1.6Hz)

7.18 {1H, d,J = 5.5Hz)

7.85 {1H, d,J = 5.5Hz)
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Example 64
Potassium 5(R),3-(2-cyanothien-3-yloxy]-6(S)-(1(R}-{4- chlorobenzoyloxylethyl)-7-oxo-4-thia-1-aza-bicy-
¢lo[3,2,0]- hept-2-ene-2-carboxylate
2.5 mg of the above compound were obtained from 3.0 mg of the corresponding 4-nitrobenzy! carbox-
5 ylate (defined in Example 55) by a procedure analogous to that described in Example 11, using 0.4 mg of 5
potassium bicarbonate.
3(D,0)
1.42 (3H, d,J = 6Hz)
4.22 (1H, dd,J = 1.56Hz and 7Hz)
10 5.5 (1H, m) . 10
5.89 (1H, d,J = 1.5Hz)
7.15 (1H, d,J = 5.5Hz)
7.40 (2H, d,J = 9Hz)
7.75 (2H, d,J = 9Hz)
16 7.85 (1H, d,J= 5.5Hz) 15

Example 65 :
Potassium 5(R),6(S)-(1(R)-hydroxyethyl)-3-(2-cyanothien-3- yloxy)-7-oxo-4-thia-1 -azabicyclo[3,2,0]-hept-2-
ene-2- carboxylate

20 206 mg of the above salt were obtained from 300 mg of the corresponding 4-nitrobenzyl carboxylate 20
(see Example 50) by a procedure analogous to that described in Example 11 using 63.4 mg of potassium
bicarbonate and 300 mg of 10% Pd on carbon.

3(D,0)
1.27 (3H, d, J = 6.4Hz)
25 3.98 (1H, dd, J = 1.2Hz and 7.2Hz} 25
4.24 (1H, m)
5.74 (1H, d, J = 1.2Hz)
7.04 (1H, d, J = 5.5Hz)
7.75 (1H, d, J = 5.5Hz)
30 30
Example 66

4-Nitrobenzyl 5(R)-3-(4-ethylsulphinylphenoxy)-6(S)-{ 1(R)- hexanoyloxyethyl}-7-oxo-4-thia-1-azabicy-
clof3,2,0]/hept- 2-ene-2-carboxylate
123 mg of the above compound were obtained from 178 mg of the corresponding 1(R)-hydroxyethyl
35 compound {defined in Example 35) by a procedure analogous to that described in Example 17, using 630 pl 35
of hexanoic anhydride, 8 mi of dichloromethane and 25 mg of dimethylaminopyridine.
3({CDCI;)0.83-0.92 (3H, m})
1.12-1.25 {4H, m)
1.42 (3H, d,J = 6.4Hz}
40 1.56-1.67 (2H, m) 40
2.76, 2.91 (2H, ABg J = 7.5 and J,; = 14.8Hz)
3.90 (1H, dd,J = 1.4 and 7.7Hz)
5.24, 5.42 (2H, AB J = 13.7Hz)
5.26-5.31 (1H, m)
45  7.30 (2H, d J = 8.8Hz) 45
7.56 (2H, d J = 8.7Hz)
7.63 (2H, d,J = 8.7Hz)
8.20 {2H, d,J = 8.7Hz}

50 Example 67 50
Potassium 5(R)-3-(4-ethylsulphinylphenoxy)-6(S)-{1(R)- hexanoyloxyethyl}-7-oxo-4-thia-1-aza-bicy-
clo[3,2,0/hept- 2-ene-2-carboxylate

49 mg of the above salt were obtained from 123 mg of 4-nitrobenzy! 5(R)-3-{4-ethylsulphinylphenoxy)-
8(S)-{1{R)-hexanoyloxyethyi}- 7-ox0-4-thia-1-azabicyclo[3,2,0]-hept-2-ene-carboxylate by a procedure anal-

55 ogous to that described in Example 11, using 20 mg of potassium bicarbonate and 10 mg of 10% pallad- 55
ium on carbon.
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Example 68
4-Nitrobenzyl! 5(R),6(S)-(1R-hexanoyloxyethyl)-3-(4- methylsulphonylphenoxy)-7-oxo-4-thia-1-azabicy-
clof3,2,0/hept- 2-ene-2-carboxylate
93 mg of the above compound were obtained as an oil from 130 mg of 4-nitrobenzyl 5R,6S-(1R-hydrox-
5 yethyl)-3-(4-methyisulphinylphenoxy) -7-oxo-4-thia-1-azabicyclo{3,2,0]-hept-2-ene-2-carboxylate by a pro- 5
cedure analogous to that described in Example 17 and using 347 pl of hexanoic anhydride, 5 ml of
dichloromethane, and 18 mg of 4- dimethyl-aminoyridine.

5(CDCL)
0.87 (3H, t,J = 6.7Hz)
10 1.22-1.33 (4H, m) 10

1.43 (3H, d,J = 6.4Hz)
1.54-1.66 (2H, m)
2.30 (2H, t,J = 7.4Hz)
3.08 (3H, s)
15  3.98 (1H, dd,J = 1.5 and 7.4Hz) 15
5.23 (1H, d,J = 14Hz)
5.26-5.37 (1H, m)
5.40 (1H, d,J = 14Hz)
5.73 (1H, d,J = 1.5Hz)
20 7.31(2H, d,J = 85Hz) 20
7.53 (2H, d,J = 8.5Hz)
7.97 (2H, d,J = 8.5Hz)
8.19 (2H, d,J = 8.5Hz)

25 Example 69 25
Potassium 5(R),6(S)-(1(R)-hexanoyloxyethyl)-3-(4-methy!- sulphonylphenoxy)-7-oxo-4-thia-1-azabicy-
clo[3,2,0]hept-2- ene-2-carboxylate

27 mg of the above salt were obtained from 75 mg of the corresponding 4-nitrobenzyl carboxylate (de-
fined in Example 68) by a procedure analogous to that described in Example 11 using 11 mg of potas-

30 sium bicarbonate and 100 mg of 10% palladium on carbon. 30

3 (D,0)

0.85 (3H, t,J = 6.7Hz2)
1.22-1 32 (4H m)
1.35 (3H, d,J= 6.5Hz)

35 .143-1.65 (2H, m) 35
2.39 (2H, t,J = 7.2Hz)
3.24 (3H, s)

4.22 (1H, dd,J = 1.5 and 5.3Hz)
5.26-5.35 {1H, m)

40 5.82 (1H, d,J = 1.6Hz) 40
7.42 7.97 (4H, AB J = 8.9Hz)

CLAIMS

45 1. A compound of the general formula | 45

Rz%o\

¥
3 .
CH™ - 'CH—— s
1
50 NI R I 50
& COOR

in which R represents a hydrogen atom or a carboxyl esterifying group, R’ represents a phenyl, naphthyl,
55 thienyl, pyridy!, quinolyl or isoquinolyl group bonded at a ring carbon atom to the oxygen atom attached 55
to the 2-position of the penem ring structure, a group R! being unsubstituted or substituted by one, two
or three substituents, which may be the same or different, selected from halogen atoms and -OH, -NH,, -
NO,, -CN, -N,, R#-, R#0- R38-S0,-, R*-CO-, R*0-CO-, R3-CO-0-, H,N-CO-,

3 3 3 3 3
X R N 3
- N-, -co-, -C0~,  N-CO-NH-,
VAR &
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34

3 H 3
i;N-CO-NH~, N-C0-0-, R\N—co~o-
31

R 5 RA ! ,

-C0-0-, |

R3-CO-NH-, NH,-CO-NH-, R3-S0,-NH-, NH,-80,-NH-, H,N-S0,-

3un
10
2

= \z /u
N

\
-S0,-NH~, -50 —NH—, = N-, } S0,
R3

N
oe!
2

15 2 3.3

P4
w
P

T4

-CF,, -SCF,, -SOCF,, -SO,CF; and HO-CO-groups, in which R?, R¥" and R* each represents an alkyl group
having from 1 to 4 carbon atoms, R2, R¥ and R¥ being the same or different; and
R? represents (i) a hydrogen atom,
(i} a straight or branched chain alkyl group having from 1 to 15, for example, 1 to 9, for example, 1 to
25 7, and especially 1 to 5 carbon atoms, and which is unsubstituted or is substituted by one or more sub-
stituents, which may be the same or different, selected from the following:
a) alkenyl and alkynyl groups having up to 4 carbon atoms;
b} cycloalkyl and cycloalkenyl groups having from 3 to 7 carbon atoms;
c) aryl groups which may be unsubstituted or substituted by one or more substituents, which may be
30 the same or different selected from alkyl, alkylthio and alkoxy groups having up to 4 carbon atoms; halo-
gen atoms; trifluoromethyl groups; cyano groups; carboxyl groups, groups of the formula -COOR¢ in
which R¢ represents an alkyl group having up to 4 carbon atoms, amido and sulphonamido groups;
groups of the formula

H N

o

2
20

4
35 N o6

in which Rs and Rs, which may be the same or different, each represents a hydrogen atom or a group -
COR¢, -SO,R¢, or R¢ is defined as above;
40 d} triflouromethyl and 2,2,2-trifluoroethyl groups;
e} halogen atoms;
f) free hydroxy groups and substituted hydroxy groups;
g} cyano and azido groups; and 5
h} amino groups and groups of the formula w R in which Rs and Re are as defined
45 in c} above; N6

(iii) R2 represents a cycloalkyl group which may be  unsubstituted or substituted as defined above for
an alkyl group R?; or

liv) R? represents an aryl group which may be unsubstituted or substituted as defined in c) above.

50 2. A compound as claimed in claim 1, wherein a substituted hydroxy group (f} is an alkoxy group
having up to 4 carbon atoms, an aryloxy group in which the aryl moiety may be substituted as defined in
claim 1 (c), an acyloxy group of the formula R2CO,-or an acyl group of the formula R2CO-, in which for-
mulae R? is as defined in claim 1.

3. A compound as claimed in claim 1 or claim 2, wherein R' represents an unsubstituted or substi-

55 tuted phenyl or thienyl group.

4. A compound as claimed in any one of claims 1 to 3, wherein R' is substituted by one, two or three
substituents, which may be the same or different, selected from halogen atoms, cyano groups, lower
alkylsulphinyl groups and lower alkyisulphonyl groups.

5. A compound as claimed in claim 4, wherein a halogen atom is a fluorine atom; a lower alkylsulphi-

60 ny! group is a methylsulphinyl or ethylsulphinyl group; and a lower alkylsulphonyl group is a methylsul-
phonyl group.

6. A compound as claimed in any one of claims 1 to 5, wherein R* has one substituent only.

7. A compound as claimed in any one of claims 1 to 6, wherein R? represents an alkyl group having
up to 5 carbon atoms or a cycloalkyl group having up to 7 carbon atoms.

65 8. A compound as claimed in claim 7, wherein R? represents a methyl, pentyl or cyclopropyl group.
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35
8. A compound as claimed in any one of claims 1 to 6, wherein R2 represents a hydrogen atom; a
trifluoromethyl group; an alkoxyalkyl group having up to 4 carbon:atoms in the alkoxy moiety and up to
5 carbon atoms in the alkyl moiety; a phenoxyalkyl group having up to 5 carbon atoms in the alky!
moiety; a cycloalkylalkyl group having up to 7 carbon atoms in the cycloalkyl moiety and up to 5 carbon
5 atoms in the alkyl moiety; an aminoalkyl group having up to 5 carbon atoms; a phenyl group which may 5
be substituted as defined in any one of claims 1, 3 and 4; or a benzyl group.
10. A compound as claimed in claim 9, wherein R? represents a methoxymethyl or ethoxymethy!
group; a phenoxymethyl group; a cyclopentylmethyl group; an aminomethyl group; or a tolyl or chloro-
phenyl group.
10 11. A compound as claimed in any one of claims 1 to 10, wherein an esterified carboxyl group -COOR 10
is an ester formed with an unsubstituted or substituted aliphatic, cycloaliphatic, cycloaliphatic-aliphatic,
aryl, araliphatic, heterocyclic or heterocyclic-aliphatic alcohol having up to 20 carbon atoms or is a silyl or
stannyl ester.
12. A compound as claimed in claim 11, wherein a carboxyl! esterifying group R is removable by hy-
15 drolysis, by photolysis, by reduction or by enzyme action to give the free acid, or by any two or more of 15
such methods.
13. A compound as claimed in claim 11 or claim 12, wherein R represents a p-nitrobenzyl, phthalidyi,
pivaloyloxymethyl, acetylmethyl, or acetoxymethyl group.
14. A salt of a compound of formula | as claimed in any one of claims 1 to 10, in which R represents a
20 hydrogen atom. 20
15. A salt as claimed in claim 14, being a physiologically tolerable salt. )
16. A process for the production of a compound of the general formula | as claimed in claim 1 or a
salt thereof, which comprises reacting a compound of the general formula Il
25 HO 25
[ =
cH, - CH —-——-‘g/ ? ort
3
0)_ \/7 It
30 COOR 30
in which R is defined as in claim 1 and R’ is defined as in any one of claims 1, 3, 4, 5 and 6, with an
acylating agent comprising a group R? as defined in claim 1, and if desired carrying out any one or more
of the following steps in any desired order:
35 a) converting an ester of formula | into the corresponding free acid, 35
b) converting a free acid of formula | into an ester thereof
c) transesterifying a compound of formula |
d) converting a free acid or an ester of formula | into a salt, or a salt into a free acid, an ester or
another salt,
40 e) removing any protective groups present other than an esterifying group R, 40
f) converting a group R? into another group R?,
g) converting a substituent of a group R' into another substituent of R* and
h) converting a substituent of group R? into another substituent thereof.
17. A process as claimed in claim 16, wherein the acylating agent comprising the group R? has the
45 formula 45
R2COBr R:COCI or (R2C0O),0
in which R? is as defined in any one of claims 1,7,8,9 and 10.
50 18. A process as claimed in claim 16 or claim 17, carried out in the presence of a base. 50
19. A process as claimed in claim 18, wherein the base is an inorganic base.
20. A process as claimed in claim 18, wherein the base is a tertiary amine or a heterocyclic base hav-
ing a pKa within the range of from 5 to 9.
21. A process as claimed in claim 20, wherein a heterocyclic base is pyridine or a substituted pyridine.
55 22. A process as claimed in claim 20, wherein a heterocyclic base is imidazole. 55

23. A process as claimed in any one of claims 18 to 22, carried out in the presence of 4-dimethylami-
nopyridine.

24. A process as claimed in claim 16, carried out substantially as described in any one of Examples 9
to 18, 23 to 32, 37 to 45 51 to 64, and 66 to 69 herein.
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25. A process as claimed in any one of claims 16 to 24, wherein a compound of formula Il is pro-
duced by treating a compound of formula i

i
f o10

5 CH3 - CH scoxg ’
0/ -~ 1II

Roocf i CH"‘ORI

10 in which R is as defined in claim 1, R' is defined as in any one of claims 1,3,4,5 and 6, R® represents a
phenyl group or an alky! group having up to 4 carbon atoms, and R™ represents a chlorine or bromine
atom, with a base.

26. A process as claimed in claim 25, wherein the base is inorganic.
27. A process as claimed in claim 25, wherein the base is a primary amine, an alkali metal alkoxide in

15 the corresponding alcohol, or a heterocyclic base having a pKa within the range of from 5 to 9.

28. A process as claimed in claim 27, wherein a heterocyclic base is pyridine or a substituted pyridine.

29. A process as claimed in claim 24, wherein a heterocyclic base is imidazole.
30. A process as claimed in any one of claims 25 to 29, carried out in a mixture of a water-miscible
solvent and from 5 to 20% {v/v) of water.
20 31. A process as claimed in any one of claims 25 to 30, wherein a compound of formula ilf is pro-
duced by halogenating a compound of the general formula IV

Hi 8
H _SR
25 Ciy - Hy ‘

N 9
0F= \ f_,,scoa v

fooe
QOR ORl

30
in which R, Rt and Re are as defined in claim 22, and Re® represents an alkyl group having from 1 to 8
carbon atoms, an alkenyl group having up to 4 carbon atoms, or a phenyl group.
32. A process as claimed in claim 31, wherein the halogenating agent is a molecular chlorine, molecu-
lar bromine, sulphuryl chloride, sulphuryl bromine, t-butylhypochlorite, or cyanogen chloride.
35 33. A process as claimed in claim 31 or claim 32, wherein a compound of formula IV is produced by
removing the hydroxy protecting group R? from a compound of formula V

7
R/O 8

CH4 % CH R 9
40 \ " SCOR v
/C =

c
RrOOC e or?

in which R, R, R¢ and Re are defined as in claim 25, and R’ represents a hydroxy protecting group.
45 34. A process as claimed in claim 33, wherein a hydroxy protecting group R? is removable under
acidic conditions.
35. A process as claimed in claim 34, wherein R’ represents a tetrahydropyranyl or tetrahydrofuranyl
group; an acetal or ketal group; a silyl ester group or a stannyl group.
36. A process as claimed in claim 35, wherein an acetal or ketal group has the formula
50
-c- ot
g
R12 R13

55 in which R and R, which may be the same or different, each represents a hydrogen atom or a lower
alkyl group, or Rz and R* together with the carbon atom to which they are attached, represent a cycloal-
kyl ring having from 4 to 7 carbon atoms, or a tetrahydropyranyl ring and R represents a lower alkyl
group.

37. A process as claimed in claim 35, wherein a silyl ester has the formula -SiR™R™R*® in which R*, R

60 and R, which may be the same or different, each represents a lower alkyl group or an aryl group and a
stannyl group has the formula -SnR7R*#R in which R, R*® and R, which may be the same or different,
each represents a lower alkyl group.

38. A process as claimed in claim 35, wherein R” is a tetrahydropyranyl, 2-methoxyprop-2-yl, trimeth-
ylsilyl, triethylsilyl or t-butyldimethylsilyl group.
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39. A process as claimed in any one of claims 33 to 38, wherein a group R? is removed using moder-
ately concentrated hydrochloric acid in tetrahydrofuran, t-butylammonium fluoride in an acidic medium,
or aqueous hydrogen fluoride.

40. A process as claimed in any one of claims 33 to 39, wherein a compound of formula V is pro-

5 duced by reacting, in the presence of a base, a compound of the general formula VI

;2) 1 /SR8
Ciy - CH, I VI

10 —N

15 in which R, R?” and Re are defined as in claim 33, and with a compound of formula Vil

(9 x——",]

1 VII

cL - - OR

20
in which Rt is as defined in claim 16, followed by a reaction with an activated carboxylic acid derivative
which comprises the group Re as defined in claim 25.
41. A process as claimed in claim 40, wherein the base has a pK,= 20.
42, A process as claimed in claim 40 or claim 41, wherein the activated acid derivative has the for-
25 muia Vill

|| VIII

30 in which Re is as defined in claim 22.

43. A process as claimed in any one of claims 16 to 39, wherein a compound of formula IV having
3S,4R stereochemistry is halogenated, and the resulting mixture of 4S and 4R isomers of compound lif is
treated with a base to give a mixture of 5R and 5S isomers of compound Il which are acylated to give 5R
and 58 isomers of compound I.

35 44. A process as claimed in any one of claims 16 to 39, wherein a compound of formula IV having 38,
4R stereochemistry is halogenated, the resulting mixture of 4S and 4R isomers is separated and the 4S
isomer is treated with a base to give predominantly the 5R isomer of formula I, which is then acylated to
give the 5R-isomer of formula I.

45, A compound of the general formula | as claimed in claim 1, or a salt thereof, whenever produced

40 by a process as claimed in any one of claims 16 to 44.

46. A compound of the general formula | or a salt thereof, substantially as described in any one of
Examples 9 to 18, 23 to 32, 37 to 45, 51 to 64 and 66 to 69 herein.

47. A compound of the general formula | or a salt thereof, as described in the Table herein.

48. A compound of formula | or a salt thereof as claimed in any one of claims 1 to 15, 42, 43 and 44,

45 having R-stereochemistry at position 5.

49. A compound as claimed in claim 48 having S-stereochemistry at position 6.

50. A compound as claimed in claim 48 or claim 49, having R- stereochemistry at position 8.

51. A compound of the general formula | or a salt thereof, as claimed in any one of claims 1 to 15 and
45 to 50, having R- stereochemistry at position 5, S-stereochemistry at position 6, and R-stereochemistry

50 at position 8.

52. A pharmaceutical preparation which comprises a compound of formula | as claimed in any one of
the claims 1 to 13, or 45 to 51, or a physiologically tolerable salt thereof, or a mixture of two or more of
such substances as active ingredient, in admixture or conjuction with a pharmaceutically suitable carrier.

53. A pharmaceutical preparation as claimed in claim 52, which also comprises one or more other

55 pharmaceutically active substances.

54. A pharmaceutical preparation as claimed in claim 53, wherein the other substance is an antibac-
terial substance. '

55. A pharmaceutical preparation as claimed in claim 54, wherein the antibacterial substance has a 3-
lactam ring.

60 56. A pharmaceutical preparation as claimed in any one of claims 52 to 55, in unit dosage form.

' 57. A pharmaceutical preparation which comprises an active ingredient as defined in claim 52; in unit
dosage form.

58. A pharmaceutical preparation which comprises an active ingredient as defined in claim 52 and
one or more further active substances as defined in any one of claims 53 to 55.

65 59. A pharmaceutical preparation as claimed in claim 58, in unit dosage form.
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60. A pharmaceutical preparation as claimed in any one of claims 58, 59 and 60 which comprises
from 10 to 2000 mg of the active ingredient per unit dose.
61. A pharmaceutical preparation as claimed in any one of claims 52 to 60, in a form suitable for oral
administration.
§ 62. A pharmaceutical preparation as claimed in claim 61, wherein the active ingredient is a compound 5
as claimed in any one of claims 48 to 52.
63. A compound of formula 1 as claimed in any one of claims 1 to 13, and 45 to 52, or a physiologi-
cally tolerable salt thereof, for use as a B-lactam inhibitor and/or as an antibacterial agent.
64. A compound of the general formula la
10 10
10
§ ]
CHy - CN—’——\/ ont 1la
a
in which R is as defined in claim 1, and R} represents a thienyl group that is unsubstituted or is substi-
tuted by one, two or three substituents, which may be the same or different, selected from lower alkyl-
20 sulphinyl and lower alkylsuiphonyl groups, cyano groups and halogen atoms, or represents a phenyl 20
group that is substituted by an ethylsulphiny! or ethylsuiphony! group.
65. A compound as claimed in claim 64, wherein a lower alkylsulphiny! group is a methylsulphinyl or
ethylsulphiny! group, and a lower alkyisulphonyl group is a methylsulphonyl group.
66. A compound as claimed in claim 64 or claim 65, wherein a thienyl group has one susbstituent
25 only. 25
67. A compound as claimed in claim 64, wherein R! represents a 2-cyanothien-3-yl, 2-methylsulphinyl-
thien-3-yl, 2-methylsulphonyl-thien-3-yl, or 4-ethyisulphinylpheny! group.
68. A compound of the general formula llla
30 "? 210 30
CH, - CH ——I/ 9
3 B SCOR 1IIa
>
0 t\ = ¢
LS.
(U
35 ROOI 35
in which R, R, and R, are as defined in claim 25, and R! is as defined in any one of claims 64 to 67.
69. A compound of the general formula [Va
40 40
Hi
? sz
CHy - CHA [ 9 IVa
SCOR
e
“worl 4
48 ROC ORa 5
in which R, Re and Re are as defined in claim 31, and R} is as defined in any one of claims 64 to 67.
70. A compound of the general formula Va
50 50
r’0
| 8
SR
CH, - CH—]
3 Y cor’
y v Va
55 Lf "% 55
ROO ORa
in which R, R?, Re and Re are as defined in claim 33, and R} is as defined in any one of claims 64 to 67.
60 71. A process for the production of a compound of the general formula lla as claimed in claim 64, 60

which comprises treating a compound of the general formula llla as claimed in claim 68 with a base.
72. A process for the production of a compound of the general formula llla as claimed in claim 68,
which comprises halogenating a compound of the general formula IVa as claimed in claim 68,



39 GB 2 160 865 A ag
73. A process for the production of a compound of the general formula IVa, as claimed in claim 69,
which comprises removing the protecting group from a compound of the general formula Va as claimed
in claim 70.
74. A process for the production of a compound of the general formula Va as claimed in claim 70,
5 which comprises reacting, in the presence of a base, a compound of the general formula VI 5
7
R0 8
i R
CH, - CH - vi
3 /__L\
10 CHZCOOR 10
in which R7 and Re® are as defined in claim 40, with a compound of formula Vlia
15 8 15
cL - U - oxl Vila
in which R} is as defined in any one of claims 64 to 67 followed by reaction with an activated acid deriva-
20 tive which comprises the group Re® as defined in claim 25. 20
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